(19) 



J 



Europaisch^BBtentamt 

European Patent Office 
Office europten des brevets 




(11) 



EP1 170 731 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

09.01.2002 Bulletin 2002/02 

(21) Application numk>er 00909661.1 

(22) Date of filing: 15.03.2000 



(51) Intci7: G11B 7/0045, G11B 7/125, 
G11B 19/04 

(86) International application number: 
PCT/JPOO/01589 

(87) International publication number: 

WO 00/57408 (28.09.2000 Gazette 2000/39) 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

(30) Priority: 19.03.1999 JP 7520599 

(71 ) Applicant: MATSUSHITA ELECTRIC INDUSTRIAL 
CO., LTD. 

Kadoma-shi, Osaka 571-8501 (JP) 

(72) Inventors: 

• NARUMI, Kenji 

3-36, Motomachi Ibaraki Osaka 567-0882 (JP) 



• AKIYAMA, Tetsuya 
Hirakata-shi, Osaka 573-0084 (JP) 

• NISHIUCHI, Kenichi 
HIrakata-shi, Osaka 573-1135 (JP) 

• FURUKAWA, Shigeaki 
Kadoma-shI, Osaka 571-0026 (JP) 

(74) Representative: Tothill, John Paul et al 

Frank B. Dehn & Co. 179 Queen Victoria Street 
London EC4V 4EL (GB) 



(54) METHOD FOR OPTICALLY RECORDING INFORMATION AND DEVICE FOR OPTICALLY 
RECORDING INFORMATION BY THE SAME 



(57) A method by which, in an optical disk recording 
and reproducing device, the time required for a test re- 
cording performed prior to an actual information record- 
ing can be reduced according to characteristics of an 
optical disk. A random pattern signal is transmitted from 
a random pattern signal generating circuit 3 and record- 
ed on a test track on an optical disk 1 , and a bit en'or 



rate of a reproduction signal is measured. Only when a 
value of the bit error rate is not less than a fixed value, 
test pattern signals are transmitted from a test pattern 
signal generating circuit 4 and recorded. An edge timing 
of a reproduction signal is measured by an edge timing 
detecting circuit 13. Based on a result of the measure- 
ment, edge positions of a front-end pulse and a back- 
end pulse are corrected. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to an optical in- 
formation recording medium such as an optical disk 
used for optically recording and reproducing informa- 
tion, a method for recording information and an informa- 
tion recording device in which a test recording is per- 
formed prior to recording of an information signal for op- 
timization of recording conditions. 

BACKGROUND ART 

[0002] In recent years, media used for optically re- 
cording information have been proposed and developed 
that include an optical disk, an optical card, and an op- 
tical tape. Particular attention has been given to an op- 
tical disk as a medium that allows large-capacity and 
high-density recording and reproduction of information. 
[0003] Among the forms of rewritable optical disks is 
a phase change optical disk. A recording film used in 
the phase change optical disk is brought into either an 
amorphous state or a crystalline state depending on 
conditions of heating and cooling by a laser beam. There 
is reversibility between the amorphous state and the 
crystalline state. The recording film varies in optical con- 
stants (refractive index and extinction coefficient) de- 
pending on whether the recording film is in the amor- 
phous state or the crystalline state. In the phase change 
optical disk, these two states are formed selectively on 
the recording film according to an information signal. As 
a result of this, optical variations (variations in transmit- 
tance or reflectance) are caused and used to perform 
recording and reproduction of the information signal. 
[0004] In order to obtain the above two states, an in- 
formation signal is recorded by the following method. A 
laser beam (power level Pp) focused by an optical head 
is irradiated onto a recording film of an optical disk in a 
pulse-like state (referred to as a recording pulse). A tem- 
perature increased beyond the melting point causes the 
recording film to melt. The melted portion is cooled rap- 
idly as the laser beam passes therethrough and turned 
into a recording mark (referred to also as a mark) in an 
amorphous state. The power level Pp is referred to as 
peak power. On the other hand, when a laser beam 
(power level Pb, Pb < Pp) is focused to be irradiated 
onto the recording film, which has such an intensity as 
to Increase the temperature of the recording film to a 
temperature higher than the crystallization temperature 
but lower than the melting point, a beam-irradiated part 
of the recording film is brought into a crystalline state. 
The power level Pb is referred to as bias power. The 
peak power and the bias power are refenred to as re- 
cording power, collectively. 

[0005] In the foregoing manner, a recording pattern of 
the recording mark of an amorphous region that corre- 
sponds to a recording data signal and a mark non-form- 



ing part of a crystalline region (referred to as a space) 
is formed on a track of the optical disk. By the use of 
differences in optical characteristics between the crys- 
talline region and the amorphous region, the information 
5 signal can be reproduced. 

[0006] Recently, the mark edge recording (referred to 
also as the PWM recording) method has been in wider 
use than before in place of the mark position recording 
(referred to also as the PPM recording) method- The 
10 mark position recording allows only a position of a re- 
cording mark itself to have information, while the mark 
edge recording allows both front and back ends of a re- 
cording mark edge to have information, thereby being 
advantageous in improving recording linear density. 
15 [0007] Particulariy, in the mark edge recording meth- 
od, recording Is performed in such a manner that a re- 
cording pulse generated in recording a long mark Is re- 
solved into a plurality of recording pulse trains (referred 
to as a multiple pulse), and that a first pulse (refenred to 
as a front-end pulse) is made wider than an intermediate 
pulse and a last pulse (referred to as a back-end pulse). 
The recording is thus performed with the following in 
mind. In recording a back part of a mark, a recording 
film is fed with less heat than that in the case of recording 
a front part of the mark in consideration of the influence 
of excess heat transmitted from the front part of the 
mark. Accordingly, distortion in the shape of the record- 
ing mark Is reduced, whereby the mark is recorded with 
increased accuracy. 

[0008] In the meantime, in view of an optical disk be- 
ing a replaceable recording medium, a device for re- 
cording and reproducing optical disks is required to al- 
low stable recording and reproduction with respect to a 
plurality of optical disks different from one another. How- 
ever, even optical disks manufactured under the same 
conditions may vary from one another in the recording 
power that is optimum for recording and reproduction 
due to variations in thermal characteristics attributable 
to variations caused during manufacturing and changes 
over time. Further, laser beam power to reach a record- 
ing film of an optical disk may vary due to staining on 
the surface of a substrate of the optical disk and a de- 
crease in transmission efficiency of an optical system 
and variations in an operating condition of a recording 
and reproducing device. 

[0009] Furthermore, in the mark edge recording meth- 
od, variations in thermal characteristics of an optical disk 
have an influence on a forming condition of a recording 
mark itself and the degree of thermal interference 
among recording marks. That is, even recording marks 
formed as a result of recording in the same recording 
pulse waveform vary in shape from one disk to another. 
Thus, a recording mark edge may shift from an ideal po- 
sition to cause degradation of a reproduced signal de- 
pending on a disk that is used. 

[0010] Therefore, it is requested to allow a recording 
mark to be recorded in ideal edge positions irrespective 
of which disk is used by optimally correcting recording 
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power, a front-end pulse edge position, and a back-end 
pulse edge position with respect to each disk. 
[001 1] An example of a method for accurately record- 
ing and reproducing an information signal by correcting 
optimum power level of a laser beam, a front-end pulse 5 
edge position, and a back-end pulse edge position as 
described above has been disclosed in JP 2679596 B. 
in the example, combinations of a length of a recording 
mark (referred to as a self mark length) and lengths of 
spaces preceding and following the recording mark (re- io 
ferred to as a preceding space length and a following 
space length, respectively) are organized into combina- 
tion tables, and with respect to each element in the com- 
bination tables, a front-end pulse edge position or a 
back-end pulse edge position is corrected. is 
[0012] Furthermore, a method for determining opti- 
mum recording power from power dependence of a bit 
error rate has been disclosed in JP 9(1997)-63056 A. 
Further, the following method has been disclosed in JP 
6(1 994 )-1 9571 3 A. Prior to recording of an information 20 
signal that is performed in starting up a recording and 
reproducing device and in introducing an optical disk, a 
test recording using a data pattern having a certain pe- 
riod of time (referred to as a test pattern) is performed. 
Then, a test signal as a result of the recording is repro- 25 
duced, and a resultant reproduction signal is measured 
to determine a shift amount of a recording mark edge. 
A front-end pulse edge position and a back-end pulse 
edge position are corrected accordingly. 
[0013] However, in the conventional methods de- 30 
scribed above, in introducing an optical disk, for exam- 
ple, a test recording always results in following the same 
sequence of steps irrespective of the type of optical disk 
that is used. Accordingly, when the recording power, the 
front-end pulse edge position, and the back-end pulse 35 
edge position retained as initial values in a recording 
and reproducing device are optimum with respect to an 
introduced optical disk, a test recording results In having 
substantially redundant steps. As a result, it takes much 
time for the recording and reproducing device to be ^ 
brought into a state where an information signal actually 
can be recorded, which has been disadvantageous. 
Particularly, determining a front-end pulse edge position 
and a back-end pulse edge position requires many 
steps of test recording, and thus the time taken to obtain 
a state where an information signal can be recorded is 
considerable. 

[0014] Furthermore, in some cases, even when a 
front-end pulse edge position and a back-end pulse 
edge position are corrected during steps of a test re- so 
cording using a test pattern, the corrected edge posi- 
tions may not be sufficiently optimum in actual recording 
of an information signal. As a result, the test recording 
using a test pattern alone does not allow recording of 
an actual information signal to be performed with suffi- ss 
cient accuracy, which has been disadvantageous. 
[0015] Furthermore, in the conventional methods, 
when recording pulse trains that depend on a mark of 



an information signal are generated to record informa- 
tion, in some cases, a front part and a back part of a 
recording mark may be distorted asymmetrically with 
each other due to variations in thermal characteristics 
of an optical disk. As a result, a reproduction signal is 
distorted, so that even when a front-end pulse edge po- 
sition and a back-end pulse edge position are optimized 
by a test recording, an information signal can not be re- 
corded with sufficient accuracy, which has been disad- 
vantageous. 

DISCLOSURE OF THE INVENTION 

[001 6] This invention is intended to solve the conven- 
tional problems as described above. It is an object of the 
present invention to provide a method for optically re- 
cording information that allows recording conditions 
such as recording power, a front-end pulse edge posi- 
tion, a back-end pulse edge position, a front-end pulse 
width, and a back-end pulse width to be determined by 
a short-time test recording. 

[0017] It is another object of the present invention to 
provide a method for optically recording information that 
allows an information signal to be recorded with accu- 
racy by determining recording conditions with increased 
accuracy through an appropriate test recording. 
[0018] In order to achieve the aforementioned ob- 
jects, a first method for optically recording information 
according to the present invention is a method for opti- 
cally recording Information in which recording and re- 
production of information is performed in such a manner 
that a test recording is performed before recording an 
Information signal on a rewritable optical Information re- 
cording medium, 

where based on a front-end pulse edge position 
predetermined by a combination table of a preced- 
ing space length and a self mark length and a back- 
end pulse edge position predetermined by a com- 
bination table of a self mark length and a following 
space length, a random pattern signal is recorded 
(a), 

a jitter or a bit error rate of the random pattern signal 
after being reproduced is measured (b), 
it is judged whether a value of the jitter or the bit 
error rate as a result of the measurement is not less 
than a fixed value (c), 

when the value of the jitter or the bit error rate is 
judged to be not less than the fixed value, first test 
pattern signals are recorded (d), 
edge intervals of the first test pattern signals after 
being reproduced are measured (e), and 
based on results obtained by measuring the edge 
intervals, optimum values of the front-end pulse 
edge position and the back-end pulse edge position 
are determined (f). 

[0019] According to this method, the time required to 
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determine a front-end pulse edge position and a back- 
end pulse edge position can be reduced . 
[0020] In the first method for optically recording infor- 
mation, preferably, prior to the step (a), 

based on the front-end pulse edge position and the 
back-end pulse edge position that are predeter- 
mined, a random pattern signal according to prede- 
termined recording power is recorded, 
a j itter or a bit error rate of the random pattern signal 
after being reproduced is measured, 
it is judged whether a value of the jitter or the bit 
em>r rate as a result of the measurement Is not less 
than a fixed value, 

when the value of the jitter or the bit error rate Is 
judged to be not less than the fixed value, second 
test pattern signals are recorded in such a manner 
that the front-end pulse edge position and the back- 
end pulse edge position are set to predetermined 
values, 

based on results obtained by reproducing the sec- 
ond test pattern signals, an optimum value of re- 
cording power is determined, and then 
the steps (a) to (f) are performed. 

[0021] According to this method, not only a front-end 
pulse edge position and a back-end pulse edge position 
but also the recording power can be determined opti- 
mally. 

[0022] Furthermore, in the first method for optically re- 
cording information, preferably, a random pattern is re- 
corded in such a manner that the optimum values of the 
front-end pulse edge position and the back-end pulse 
edge position determined in the step (f) are used as in- 
itial values, and that at least one of the front-end pulse 
edge position and the back-end pulse edge position is 
(are) changed (a - 1). 

a jitter or a bit error rate of a reproduction signal ob- 
tained by reproducing the random pattern is meas- 
ured (b-1), and 

based on a result obtained by measuring the jitter 
or the bit error rate, the optimum values of the front- 
end pulse edge position and the back-end pulse 
edge position are corrected to be redetermined (c - 
1). 

[0023] According to this method, a front-end pulse 
edge position and a back-end pulse edge position can 
be conrected so as to conform to an actual Information 
signal, whereby an information signal can be recorded 
with increased accuracy. 

[0024] Furthermore, in the first method for optically re- 
cording information, preferably, prior to the step (a - 1), 

based on the optimum values of the front-end pulse 
edge position and the back-end pulse edge position 
determined in the step (f), a random pattern is re- 



corded, 

a jitter or a bit error rate obtained by reproducing 
the random pattern is measured, 
it is judged whether a value of the jitter or the bit 
5 error rate as a result of the measurement is not less 
than a fixed value, and 

when the value of the jitter or the bit error rate is 
judged to be not less than the fixed value, the steps 
(a - 1 ) to (c - 1 ) are performed. 

10 

[0025] According to this method, with respect to an 
optical disk in which a front-end pulse edge position and 
a back-end pulse edge position are corrected sufficient- 
ly by recording of the first test pattern alone, the time 
IS taken to obtain a state that allows actual recording of an 
Information signal can be reduced. 
[0026] Furthermore, in the first method for optically re- 
cording Information, preferably, subsequent to the step 
(c-1). 

based on the corrected optimum values of the front- 
end pulse edge position and the back-end pulse 
edge position, third test pattern signals are record- 
ed, and 

based on results obtained by reproducing third test 
pattem signals, a front-end pulse width and a back- 
end pulse width are corrected. 

[0027] According to this method, after a front-end 
pulse edge position and a back-end pulse edge position 
are corrected so as to conform to an actual Information 
signal, distortion of a recording mark can be minimized, 
whereby an Information signal can be recorded with in- 
creased accuracy. 

[0028] Furthermore, in the first method for optically re- 
cording Information, preferably, prior to the step (a), 

based on the front-end pulse edge position and the 
back-end pulse edge position that are predeter- 
mined, third test pattem signals are recorded, and 
based on results obtained by reproducing the third 
test pattern signals, a front-end pulse width and a 
back-end pulse width are corrected. 

[0029] According to this method, edge positions of a 
recording pulse can be determined after minimizing dis- 
tortion of a recording mark, so that distortion of a repro- 
duction signal is reduced, whereby information can be 
recorded with increased accuracy. 
[0030] Furthermore, in the first method for optically re- 
cording information, preferably, information indicating 
the front-end pulse edge position and information indi- 
cating the back-end pulse edge position that are prere- 
corded in a predetermined area on the optical informa- 
tion recording medium are read out and used as initial 
values, and 

based on the information, the front-end pulse 
edge position and the back-end pulse edge position that 
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are predetermined are determined. 
[0031] According to this method, information that has 
been read out can be used as initial values of a front- 
end pulse edge position and a back-end pulse edge po- 
sition, whereby the time required for a test recording fur- 
ther can be reduced. 

[0032] Furthermore, in the first method for optically re- 
cording information, preferably, the optimum values of 
the front-end pulse edge position and the back-end 
pulse edge position are recorded as information in a pre- 
determined area on the optical information recording 
medium. 

[0033] According to this method, the next time this 
medium is introduced in a recording and reproducing 
device, the redetermined optimum values of the front- 
end pulse edge position and the back-end pulse edge 
position can be read out and used as Initial values, 
whereby the time to be required the next time when a 
test recording is performed can be reduced. 
[0034] Furthermore, in the first method for optically re- 
cording information, preferably, information indicating 
the recording power prerecorded in a predetermined ar- 
ea on the optical information recording medium is read 
out and used as an initial value, and 

based on the information, the predetermined re- 
cording power is determined. 

[0035] According to this method, information that has 
been read out can be used as an initial value of record- 
ing power, whereby the time required for a test recording 
further can be reduced. 

[0036] Furthermore, in the first method for optically re- 
cording information, preferably, the optimum value of 
the recording power is recorded as Information In a pre- 
determined area on the optical information recording 
medium. 

[0037] According to this method, the next time this 
medium is introduced in a optical recording and repro- 
ducing device, the determined optimum value of the re- 
cording power can be read out and used as an initial 
value, whereby the time to be required the next time 
when a test recording is performed can be reduced. 
[0038] IVIoreover, In order to achieve the aforemen- 
tioned objects, a second method for optically recording 
information according to the present invention is a meth- 
od for optically recording information in which recording 
and reproduction of information is performed In such a 
manner that a test recording is performed before record- 
ing an information signal on a rewritable optical informa- 
tion recording medium, 

where based on a front-end pulse edge position and 
a back-end pulse edge position that are predeter- 
mined, a random pattern signal is recorded with pre- 
determined recording power (a), 
a jitter or a bit error rate of the random pattern signal 
after being reproduced is measured (b), 
it is judged whether a value of the jitter or the bit 
error rate as a result of the measurement is not less 




than a fixed value (c), 

when the value of the jitter or the bit error rate is 
judged to be not less than the fixed value, second 
test pattem signals are recorded (d), and 
5 based on results obtained by reproducing the sec- 
ond test pattern signals, an optimum value of the 
recording power is determined (e). 

[0039] This method allows the time required to deter- 
10 mine the recording power can be reduced. 

[0040] In the second method for optically recording in- 
formation, preferably, prior to the step (a), 

based on the front-end pulse edge position and the 
15 back-end pulse edge position that are predeter- 
mined, a random pattem signal according to prede- 
termined recording power is recorded, 
a jitter or a bit error rate of the random pattern signal 
after being reproduced is measured, 
20 it is judged whether a value of the jitter or the bit 
error rate as a result of the measurement Is not less 
than a fixed value, 

when the value of the jitter or the bit error rate is 
judged to be not less than the fixed value, first test 
25 pattem signals are recorded In such a manner that 
the recording power is set to a predetermined value, 
based on results obtained by reproducing the first 
test pattern signals, optimum values of the front-end 
pulse edge position and the back-end pulse edge 
30 position are determined, and then 
the steps (a) to (e) are performed. 

[0041] According to this method, not only recording 
power but also a front-end pulse edge position and a 
35 back-end pulse edge position can be determined opti- 
mally. 

[0042] Furthermore, in the second method for optical- 
ly recording information, preferably, a random pattem Is 
recorded in such a manner that the recording power is 
40 set to the optimum value determined in the step (e), and 
that at least one of the front-end pulse edge position and 
the back-end pulse edge position Is (are) changed (a - 
1). 

45 a jitter or a bit error rate obtained by reproducing 
the random pattern Is measured (b - 1), and 
based on a result obtained by measuring the jitter 
or the bit error rate, the optimum values of the front- 
end pulse edge position and the back-end pulse 
50 edge position are corrected to be redetermined (c - 
1). 

[0043] According to this method, a front-end pulse 
edge position and a back-end pulse edge position can 
55 be corrected so as to conform to an actual information 
signal, whereby an information signal can be recorded 
with increased accuracy. 

[0044] Furthermore, in the second method for optical- 
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ly recording information, preferably, prior to the step (a 
-1). 

based on the optimum value of the recording power 
determined in the step (e), a random pattern is re- 5 
corded, 

a jitter or a bit error rate obtained by reproducing 
the random pattern is measured, 
it is judged whether a value of the jitter or the bit 
error rate as a result of the measurement is not less io 
than a fixed value, and 

when the value of the jitter or the bit error rate is 
judged to be not less than the fixed value, the steps 
(a - 1 ) to (c - 1 ) are performed. 

15 

[0045] According to this method, with respect to an 
optical disk with a front-^nd pulse edge position and a 
back-end pulse edge position sufficiently corrected, the 
time taken to obtain a state that allows actual recording 
of an information signal can be reduced. 20 
[0046] Furthermore, in the second method for optical- 
ly recording information, preferably, subsequent to the 
step (c- 1), 

based on the corrected optimum values of the front- 25 
end pulse edge position and the back-end pulse 
edge position, third test pattern signals are record- 
ed, and 

based on results obtained by reproducing the third 
test pattern signals, a front-end pulse width and a 30 
back-end pulse width are corrected. According to 
this method, after a front-end pulse edge position 
and a back-end pulse edge position are corrected 
so as to conform to an actual information signal, dis- 
tortion of a recording mark can be minimized, 35 
whereby an information signal can be recorded with 
increased accuracy. 

[0047] Furthermore, in the second method for optical- 
ly recording information, preferably, prior to the step (a), 4o 

based on the front-end pulse edge position and the 
back-end pulse edge position that are predeter- 
mined, third test pattem signals are recorded, and 
based on results obtained by reproducing the third 45 
test pattern signals, a front-end pulse width and a 
back-end pulse width are corrected. 

[0048] According to this method, edge positions of a 
recording pulse can be determined after minimizing dis^ so 
tortion of a recording mark, so that distortion of a repro- 
duction signal is reduced, whereby information can be 
recorded with increased accuracy. 
[0049] Furthermore, in the second method for optical- 
ly recording information, preferably, information indicat- 55 
ing the recording power prerecorded in a predetermined 
area on the optical information recording medium is read 
out and used as an initial value, and 



731 A1 




based on the information, the predetermined re- 
cording power is determined. 

[0050] According to this method, information that has 
been read out can be used as an initial value of record- 
ing power, whereby the time required for a test record ing 
further can be reduced. 

[0051 ] Furthermore. In the second method for optical- 
ly recording information, preferably, the optimum value 
of the recording power is recorded as information in a 
predetermined area on the optical information recording 
medium. 

[0052] According to this method, the next time this 
medium is introduced in a recording and reproducing 
device, the determined optimum value of the recording 
power can be read out and used as an initial value, 
whereby the time to be required the next time when a 
test recording is performed can be reduced. 
[0053] Furthermore, in the second method for optical- 
ly recording information, preferably, information indicat- 
ing the front-end pulse edge position and information in- 
dicating the back-end pulse edge position that are pre- 
recorded in a predetermined area on the optical infor- 
mation recording medium are read out and used as in- 
itial values, and 

based on the Information, the front-end pulse 
edge position and the back-end pulse edge position that 
are predetermined are determined. 
[0054] According to this method, information that has 
been read out can be used as initial values of a front- 
end pulse edge position and a back-end pulse edge po- 
sition, whereby errors caused during recording power 
calculation can be reduced. 

[0055] In addition, in the second method for optically 
recording information, preferably, the optimum values of 
the front-end pulse edge position and the back-end 
pulse edge position are recorded as information in a pre- 
determined area on the optical information recording 
medium. 

[0056] According to this method, the next time this 
medium is introduced in a recording and reproducing 
device, the redetermined optimum values of the front- 
end pulse edge position and the back-end pulse edge 
position can be read out and used as initial values, 
whereby the time to be required the next time when a 
test recording is performed can be reduced. 
[0057] Moreover, In order to achieve the aforemen- 
tioned objects, a third method for optically recording in- 
formation according to the present invention is a method 
for optically recording Information in which recording 
and reproduction of information is performed in such a 
manner that a test recording is performed before record- 
ing an information signal on a rewritable optical informa- 
tion recording medium, > 

where a random pattern signal is recorded in such 
a manner that a front-end pulse edge position pre- 
determined by a combination table of a preceding 
space length and a self mark length and a back-end 
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pulse edge position predetermined by a combina- 
tion table of a self mark length and a following space 
length are used as initial values, and that at least 
either one of the front-end pulse edge position and 
the back-end pulse edge position Is (are) changed 
(a). 

a jitter or a bit error rate obtained by reproducing 
the random pattern Is measured (b). and 
based on a result obtained by measuring the jitter 
or the bit error rate, the front-end pulse edge posi- 
tion and the back-end pulse edge position that are 
predetermined are corrected (c). 

[0058] According to this method, a front-end pulse 
edge position and a back-end pulse edge position can 
be connected so as to conform to an actual Information 
signal, whereby an information signal can be recorded 
with increased accuracy. 

[0059] In the third method for optically recording infor- 
mation, preferably, prior to the step (a), 

based on the front-end pulse edge position and the 
back-end pulse edge position that are predeter- 
mined, a random pattern signal is recorded, 
a jitter or a bit error rate obtained by reproducing 
the random pattern is measured. 
It is judged whether a value of the Jitter or the bit 
error rate is not less than a fixed value, and 
when the value of the jitter or the bit error rate is 
judged to be not less than the fixed value, the steps 
(a) to (c) are performed. 

[0060] According to this method, with respect to an 
optical disk in which a front-end pulse edge position and 
a back-end pulse edge position are corrected sufficient- 
ly In their initial states, the time taken to obtain a state 
that allows actual recording of an information signal can 
be reduced. 

[0061] Furthermore, in the third method for optically 
recording information, preferably, information indicating 
the front-end pulse edge position and information Indi- 
cating the back-end pulse edge position that are prere- 
corded in a predetermined area on the optical Informa- 
tion recording medium are read out and used as initial 
values, and 

based on the information, the front-end pulse 
edge position and the back-end pulse edge position that 
are predetermined are determined. 
[0062] According to this method, information that has 
been read out can be used as Initial values of a front- 
end pulse edge position and a back-end pulse edge po- 
sition, whereby the time required for a test recording fur- 
ther can be reduced. 

[0063] Furthermore, in the third method for optically 
recording information, preferably, the front-end pulse 
edge position and the back-end pulse edge position that 
have been con-ected are recorded as information in a 
predetermined area on the optical information recording 



medium. 

[0064] According to this method, the next time this 
medium Is Introduced in a recording and reproducing 
device, the redetermined optimum values of the front- 

5 end pulse edge position and the back-end pulse edge 
position can be read out and used as initial values, 
whereby the time to be required the next time when a 
test recording is perfomned can be reduced. 
[0065] Furthermore, in the third method for optically 

10 recording information, preferably, a random pattern is 
recorded In the step (a) in such a manner that either one 
of the front-end pulse edge position and the back-end 
pulse edge position is changed, and 

with respect to a plurality of elements in the com- 

15 bi nation tables, the steps (a) to (c) are performed re- 
peatedly. 

[0066] According to this method, the time required to 
correct a front-end pulse edge position and a back-end 
pulse edge position can be reduced. 

20 [0067] Moreover, in order to achieve the aforemen- 
tioned objects, a fourth method for optically recording 
Information according to the present invention is a meth- 
od for optically recording information in which recording 
and reproduction of information is performed in such a 

25 mannerthat a test recording Is performed before record- 
ing an information signal on a rewritable optical Informa- 
tion recording medium, 

where based on a front-end pulse edge position 
30 predetermined by a combination table of a preced- 
ing space length and a self mark length and a back- 
end pulse edge position predetermined by a com- 
bination table of a self mark length and a following 
space length, third test pattem signals are recorded 
35 (a), and 

based on results obtained by reproducing the third 
test pattern signals, optimum values of a front-end 
pulse width and a back-end pulse width are deter- 
mined (b). 

40 

[0068] According to this method, distortion of a re- 
cording mark attributable to heat characteristics in a 
scanning direction that vary with each Individual optical 
disk can be minimized, so that distortion of a reproduc- 
45 tion signal is reduced, whereby information can be re- 
corded with Increased accuracy. 
[0069] In the fourth method for optically recording In- 
formation, preferably, subsequent to the step (b), 

50 first test pattem signals are recorded, 

edge intervals of the first test pattern signals after 
being reproduced are measured, and 
based on results of the measurement, optimum val- 
ues of the front-end pulse edge position and the 
55 back-end pulse edge position are determined. 

[0070] According to this method, an edge position of 
a recording pulse can be determined after minimizing 
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distortion of a recording mark, so that distortion of a re- 
production signal is reduced, whereby information can 
be recorded with increased accuracy. 
[0071] Furthermore, In the fourth method for optically 
recording information, preferably, information indicating 
the front-end pulse width and information Indicating the 
back-end pulse width that are prerecorded in a prede- 
termined area on the optical Information recording me- 
dium are read out and used as initial values, and 

based on the information, the front-end pulse 
width and the back-end pulse width that are predeter- 
mined are determined. 

[0072] According to this method. Information that has 
been read out can be used as initial values of a front- 
end pulse width and a back-end pulse width, whereby 
the time required for a test recording further can be re- 
duced. 

[0073] Furthermore, in the fourth method for optically 
recording information, preferably, the optimum values of 
the front-end pulse width and the back-end pulse width 
that have been determined are recorded as information 
in a predetermined area on the optical Information re- 
cording medium. 

[0074] According to this method, the next time this 
medium is introduced in a recording and reproducing 
device, the determined optimum values of the front-end 
pulse width and the back-end pulse width can be read 
out and used as initial values, whereby the time to be 
required the next time when a test recording is per- 
formed can be reduced. 

[0075] Furthermore, In the fourth method for optically 
recording information, preferably, information indicating 
the front-end pulse edge position and information indi- 
cating the back-end pulse edge position that are prere- 
corded in a predetermined area on the optical informa- 
tion recording medium are read out and used as initial 
values, and 

based on the information, the optimum values of 
the front-end pulse edge position and the back-end 
pulse edge position are determined. 
[0076] According to this method, information that has 
been read out can be used as initial values of a front- 
end pulse edge position and a back-end pulse edge po- 
sition, whereby the time required for a test recording fur- 
ther can be reduced. 

[0077] Furthermore, in the fourth method for optically 
recording information, preferably, the optimum values of 
the front-end pulse edge position and the back-end 
pulse edge position are recorded as information in a pre- 
determined area on the optical information recording 
medium. 

[0078] According to this method, the next time this 
medium is introduced in a recording and reproducing 
device, the determined optimum values of the front-end 
pulse edge position and the back-end pulse edge posi- 
tion can be read out and used as initial values, whereby 
the time to be required the next time when a test record- 
ing is performed can be reduced. 



[0079] Furthermore, In the fourth method for optically 
recording information, preferably. In the step (a), the 
third test pattern signals are recorded in such a manner 
that either one of the front-end pulse width and the back- 
5 end pulse width is changed, and 

in the step (b), a leading edge jitter and a trailing 
edge jitter of a reproduction signal obtained by repro- 
ducing the third test pattern signals are measured inde- 
pendently, and based on a result obtained by measuring 
the jitters, the front-end pulse width and the back-end 
pulse width are corrected. 

[0080] According to this method, a front-end pulse 
width and a back-end pulse width can be determined 
easily. 

[0081] Furthermore, in the fourth method for optically 
recording information, preferably, the third test pattern 
is a single-period signal pattem. 
[0082] According to this method, a recording pulse 
width can be determined without being affected by a 
front-end pulse edge position and a back-end pulse 
edge position. 

[0083] Moreover, In the first to fourth methods for op- 
tically recording information, preferably, information for 
identifying a recording and reproducing device in which 
a test recording has been performed is recorded as in- 
formation in a predetermined area on the optical infor- 
mation recording medium. 

[0084] According to this method, the next time this 
medium is introduced in a recording and reproducing 
device, it can be judged whether the recording and re- 
producing device is substantially Identical to the record- 
ing and reproducing device in which the test recording 
has been performed, and when the device is judged to 
be substantially identical, the time to be required the 
next time when a test recording Is performed can be re- 
duced. 

[0085] Furthermore, in the first to fourth methods for 
optically recording information, preferably, information 
for identifying a recording and reproducing device that 
is prerecorded in a predetermined area on the optical 
information recording medium Is read out. 

It is judged whether the recording and reproducing 
device after being Identified Is substantially Identical 
to a recording and reproducing device in which a 
test recording is performed, and 
when the recording and reproducing device after 
being identified Is judged to be substantially identi- 
cal to the recording and reproducing device in which 
the test recording Is performed, a test recording is 
skipped with respect to at least one selected from 
the group consisting of: information indicating a 
front-end pulse edge position and a back-end pulse 
edge position, information indicating a front-^nd 
pulse width and a back end pulse width, and infor- 
mation Indicating recording power. 

[0086] According to this method, when a recording 
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and reproducing device Is substantially Identical, the 
time to be required the next time when a test recording 
is performed can be reduced. 

[0087] Moreover, in order to achieve the aforemen- 
tioned objects^ an optical information recording device 
according to the present invention is an optical Informa- 
tion recording device for recording information on an op- 
tical information recording medium employing the first 
to fourth methods for optically recording information, 
where a test recording is performed and the timing 
thereof Is at least one selected from the group consisting 
of: when the recording and reproducing device is adjust- 
ed; when the recording and reproducing device is start- 
ed up; when a certain time has elapsed after the start- 
up; when an optical information recording medium is re- 
placed; when a bit error rate of an optical information 
recording medium exceeds a predetermined value; and 
when the temperature of an operation environment of 
the optical information recording device varies. 
[0088] According to this configuration, performing a 
test recording when a recording and reproducing device 
is adjusted can compensate for variation factors caused 
among optical information recording devices. Further, 
performing a test recording when an optical information 
recording device Is started up and when a certain time 
has elapsed after the start-up can compensate for var- 
iation factors of the optical information recording device 
itself. Further, performing a test recording when an op- 
tical Information recording medium is replaced can com- 
pensate for variation factors caused among optical in- 
formation recording media. Further, performing a test re- 
cording when a bit error rate of an optical information 
recording medium exceeds a predetermined value can 
compensate for variation factors of the optical informa- 
tion recording medium Itself. Furthermore, performing a 
test recording when temperature of an operation envi- 
ronment varies can compensate for variation factors at- 
tributable to temperature dependence of an optical In- 
formation recording device and an optical Information 
recording medium. 

[0089] Accordingly, the aforementioned methods 
have functional effects as listed in the following. 

(1) By recording a random pattern and performing 
a test recording based on test pattern signals for 
determining an edge position only when a bit error 
rate of reproduced Information has a value higher 
than a predetermined value, when a front-end pulse 
edge position and a back-end pulse edge position 
prerecorded on an optical disk are optimum, unnec- 
essary steps of the test recording are eliminated. 
Therefore, when a disk is introduced In a recording 
and reproducing device In which the disk has been 
Introduced before or when the disk is Introduced In 
another recording and reproducing device having 
equivalent performance to that of the recording and 
reproducing device in which the disk has been in- 
troduced before, the time for a test recording can 



be reduced. 

(2) By initially recording a random pattern and per- 
forming a test recording based on test pattern sig- 
nals for determining recording power only when a 

5 bit error rate of reproduced information has a value 

higher than a predetermined value, when recording 
power prerecorded on an optical disk Is optimum, 
unnecessary steps of the test recording are elimi- 
nated. Therefore, when a disk Is Introduced In a re- 

10 cording and reproducing device in which the disk 
has been introduced before or when the disk Is in- 
troduced In another recording and reproducing de- 
vice having equivalent performance to that of the 
recording and reproducing device in which the disk 

15 has been introduced before, the time for a test re- 
cording can be reduced. 

(3) By further recording a random pattern to adjust 
a front-end pulse edge position and a back-end 
pulse edge position that have been determined in 

20 such a manner that test pattern signals for deter- 
mining an edge position are recorded, recording 
pulse conditions can be set so as to conform to an 
actual information signal, whereby an Information 
signal can be recorded with increased accuracy. 

25 (4) By recording a test pattern for determining a 
pulse width to adjust an front-end pulse width and 
a back-end pulse width before determining a front- 
end pulse edge position and a back-end pulse edge 
position in such a manner that test pattem signals 

30 for determining an edge position are recorded, a 
pulse width that corresponds to differences in ther- 
mal characteristics of each optical disk can be set, 
whereby an information signal can be recorded with 
increased accuracy. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0090] 

40 FIG. 1 is a block diagram showing the configuration 
of a recording and reproducing device according to 
a first embodiment of the present invention. 
FIG. 2 Is a flow chart for explaining the operation of 
the recording and reproducing device according to 

45 the first embodiment of the present invention. 

FIGs. 3 (a), 3 (b), 3 (c), 3 (d). and 3 (e) are diagrams 
showing a waveform of test pattern signals for de- 
termining a recording pulse edge position, a wave- 
form of a recording pulse for driving a laser, a state 

50 of a track 307 after recording of the test pattern sig- 
nals, a waveform of a reproduction signal obtained 
from the track, and a waveform of a binary signal of 
the reproduction signal, respectively. 
FIG. 4 Is a block diagram showing the configuration 

55 of a recording and reproducing device according to 
a second emtxxiiment of the present invention. 
FIG. 5 is a flow chart for explaining the operation of 
the recording and reproducing device according to 
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the second embodiment of the present invention. 
FIG. 6 is a block diagram showing the configuration 
of a recording and reproducing device according to 
a third embodiment of the present Invention. 
FIG. 7 is a flow chart for explaining the operation of 
the recording and reproducing device according to 
the third embodiment of the present invention. 
FIG. 8 is a block diagram showing the configuration 
of a recording and reproducing device according to 
a fourth embodiment of the present invention. 
FIGs. 9 (a). 9 (b), g(c). and 9(d) are diagrams show- 
ing a recording pulse waveform, an optimum re- 
cording mark, a recording mark distorted when heat 
conductivity in a track direction Is high, and a re- 
cording mark distorted when heat conductivity in the 
track direction is low, respectively. 
FIG. 10 is a flow chart for explaining the operation 
of the recording and reproducing device according 
to the fourth embodiment of the present invention. 
FIGs. 11 (a) and 11 (b) are graphs showing the re- 
lationship between a front-end pulse width (FPW) 
and a leading edge jitter (LEJ) and the relationship 
between a back-end pulse width (LPW) and a trail- 
ing edge jitter (TEJ). respectively, in a method for 
recording and reproduction according to the fourth 
embodiment of the present Invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0091] Hereinafter, the present invention will be de- 
scribed by way of embodiments with reference to the 
appended drawings. 

First Embodiment 

[0092] In this embodiment, a random pattern is re- 
corded Initially, and only when a bit error rate of repro- 
duced information has a value higher than a predeter- 
mined value, a test recording is performed based on test 
pattern signals for determining a recording pulse edge 
position (first test pattern signals). Thus, when Initial val- 
ues of edge positions are optimum, unnecessary steps 
of a test recording are eliminated. 
[0093] FIG. 1 Is a block diagram schematically show- 
ing the conflguratlon of a recording and reproducing de- 
vice (an optical information recording device) for realiz- 
ing a flrst embodiment. 

[0094] The recording and reproducing device is a de- 
vice for recording and reproducing information using an 
optical disk 1 that Includes a spindle motor 1 1 for rotating 
the optical disk 1 and an optical head 10 having a laser 
as a light source (not shown) for focusing laser beams 
on a desired portion of the optical disk 1 . The entire op- 
eration of the recording and reproducing device is con- 
trolled by a system controlling circuit 2. In the system 
controlling circuit 2, a table registering memory 2a is pro- 
vided for registering information of each element in com- 
bination tables to correct a front-end pulse edge position 



that corresponds to a combination of a self mark and a 
preceding space and a back-end pulse edge position 
that corresponds to a combination of a self mark and a 
following space. Further, In the system controlling circuit 
5 2, an edge interval accumulating memory 2b also is pro- 
vided for accumulating mark edge intervals as results of 
the measurement to determine correction amounts of a 
front-end pulse edge position and a back-end pulse 
edge position. 

10 [0095] The recording and reproducing device in- 
cludes a test pattern signal generating circuit 4 for gen- 
erating test pattern signals for determining a recording 
pulse edge position having a certain period of time, a 
random pattern signal generating circuit 3 for generating 

15 a random pattern signal having substantially all patterns 
based on modulation rules to measure a jitter or a bit 
error rate, and a modulation circuit 5 for generating a 
recording data signal that corresponds to an Information 
signal to be recorded. 

20 [0096] The recording and reproducing device in- 
cludes a selecting circuit 6 for switching three kinds of 
recording data signals transmitted according to a re- 
cording mode, a recording signal generating circuit 7 for 
generating recording pulse trains for driving the laser 

25 according to a recording data signal, and a recording 
pulse edge adjusting circuit 8 for adjusting a front-end 
pulse edge position and a back-end pulse edge position 
of recording pulse trains output by the recording signal 
generating circuit 7. The recording pulse edge adjusting 

30 circuit 8 may be a circuit for adjusting edge positions in 
such a manner that positions of a front-end pulse and a 
back-end pulse themselves are changed or a circuit for 
adjusting edge positions in such a manner that a leading 
edge position of a front end pulse and a trailing edge 

35 position of a back-end pulse are changed (where the 
widths of the front end pulse and the back-end pulse 
change, respectively). 

[0097] In addition, a laser-driving circuit 9 Is provided 
for modulating a current for driving the laser as a light 
^ source in the optical head 10 according to a recording 
pulse output by the recording pulse edge adjusting cir- 
cuit 8. 

[0098] Furthermore, the recording and reproducing 
device described above includes a reproduction signal 

45 processing circuit 1 2 for processing a waveform of a re- 
production signal based on light reflected from the opti- 
cal disk 1 as a reproducing part for reproducing infor- 
mation from the optical disk 1 , an edge timing detecting 
circuit 1 3 for detecting edge timing of a reproduction sig- 

50 nal, a demodulating circuit 1 5 for obtaining reproduction 
information, a bit error rate (abbreviated as BER in the 
flgure) measuring circuit 14, and a judging circuit 16 for 
judging a value of a bit error rate. 
[0099] Hereinafter, the operation of the recording and 

55 reproducing device of this embodiment will be described 
with reference to a flow chart shown in FIG. 2 and an 
operational diagram shown in FIG. 3. 
[01 00] FIG. 2 is a flow chart showing the operation of 
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this embodiment. FIG. 3 is a diagram for explaining the 
operation for determining a con-ection amount of a front- 
end pulse edge position according to a combination of 
a preceding space length 5T and a self mark length 3T 
(namely, one of elements in the combination tables) as 
an example of a part of this embodiment, where a ref- 
erence character T denotes a channel clock perk)d. 
FIGs. 3 (a). 3 (b). 3 (c). 3 (d), and 3 (e) are diagrams 
showing a waveform of test pattern signals for determin* 
ing a recording pulse edge position (a recording data 
signal), a waveform of a recording pulse for driving the 
laser, a state of a track 307 after the test pattern signals 
for determining a recording pulse edge position are re- 
corded thereon, a waveform of a reproduction signal 
when the track is reproduced, and a waveform of a bi- 
nary signal of the reproduction signal, respectively. In 
FIG. 3, reference characters "M" appended to 3T and 
10T, -S- appended to 5T and 10T, "FEP", and "BEP" de- 
note a mark, a space, a front-end pulse edge position, 
and a back-end pulse edge position, respectively. 
[0101] In a test recording, initially, according to a 
seeking operation step Step 201 (hereinafter, steps are 
abbreviated as, for example, S201), the optical head 10 
seeks a predetermined test track on the optical disk 1 
based on a command from the system controlling circuit 
2. According to an edge position setting step S202, the 
system controlling circuit 2 sets initial values of a front- 
end pulse edge position and a back-end pulse edge po- 
sition (namely, values that have been retained in the re- 
cording and reproducing device) with respect to the re- 
cording pulse edge adjusting circuit 8 and, according to 
a power setting step S203, recording power with respect 
to the laser-driving circuit 9. 

[0102] Then, according to a random pattem signal 
transmitting step S204, the selecting circuits is switched 
so that a random pattem signal from the random pattern 
signal generating circuit 3 is transmitted to the recording 
signal generating circuit 7 as a recording data signal. 
[01 03] In a recording operation step S205, the record- 
ing signal generating circuit 7 detects how many multi- 
ples of a channel clock period T a signal inverting inter- 
val of the recording data signal Is equivalent to and gen- 
erates a predetermined number of recording pulse 
trains with a predetermined width at a predetermined 
timing according to length of a recording mark. Then, in 
the recording pulse edge adjusting circuit 8, a front-end 
pulse edge position and a back-end pulse edge position 
of the respective recording pulse trains are adjusted to 
set values, respectively. The laser-driving circuit 9 mod- 
ulates a current for driving the laser as a light source 
according to a recording pulse and performs recording 
on a corresponding track. On the track, a mark is record- 
ed according to a waveform of the random pattern sig- 
nal. 

[0104] After the random pattern signal is recorded, ac- 
cording to a reproducing operation step S206, the opti- 
cal head 10 reproduces the corresponding track, and 
the reproduction signal processing circuit 12 equalizes 



a reproduction signal and converts it to a binary signal. 
According to a BER measuring step S207, the bit error 
rate measuring circuit 14 compares a pattem of a test 
signal with a reproduced data pattem based on a wave- 
5 form of the binary signal and measures a bit error rate. 
[0105] Then, according to a BER judging step S208, 
in the judging circuit 16. the bit error rate and a BER 
prescribed value are judged by comparison, and infor- 
mation indicating a result of the judgment Is transmitted 
to the system controlling circuit 2. The BER prescribed 
value defines a value of a bit error rate of reproduced 
information at a usable level. The value is determined 
In consideration of a recording margin of a recording and 
reproducing device and an optical disk, or the like. 
[01 06] When the value as a result of the measurement 
is lower than the BER prescribed value, the test record- 
ing is ended. Thus, unnecessary steps of a test record- 
ing are eliminated when edge positions prerecorded on 
an optical disk are optimum. Therefore, when a disk is 
introduced in a recording and reproducing device In 
which the disk has been introduced before or when the 
disk is Introduced In another recording and reproducing 
device having equivalent performance to that of the re- 
cording and reproducing device in which the disk has 
been introduced before, the time for a test recording can 
be reduced. 

[01 07] When the value as a result of the measurement 
is higher than the BER prescribed value, for correction 
of the front-end pulse edge position and the back-end 
pulse edge position, the following steps are performed. 
[0108] According to a test pattern signal transmitting 
step S209, the selecting circuit 6 is switched so that test 
pattem signals for determining a recording pulse edge 
position from the test pattern signal generating circuit 4 
are transmitted to the recording signal generating circuit 
7. The test pattern signals for determining a recording 
pulse edge position are recording data signals having a 
certain period of time corresponding to adjustment of 
each element in the combination tables. The signal has 
a waveform shown in FIG. 3 (a). 
[0109] According to a recording operation step S21 0, 
the recording signal generating circuit 7 converts the re- 
cording data signal to recording pulse trains. The laser- 
driving circuit 9 performs a test recording with respect 
to a corresponding track in such a manner that a current 
for driving the laser Is modulated based on recording 
pulse trains shown in FIG. 3 (b). The track is brought 
into a state shown In FIG. 3 (c) after the recording. 
[01 1 0] After the test pattem signals for determining a 
recording pulse edge position is recorded, according to 
a reproducing operation step S211, the optical head 10 
reproduces the corresponding track. The waveform of a 
reproduction signal is in a state shown in FIG. 3 (d). The 
reproduction signal processing circuit 12 equalizes the 
reproduction signal and converts it to a binary signal. 
The waveform after the conversion to the binary signal 
Is in a state shown in FIG. 3 (e). Then, according to a 
timing measuring step S212, the edge timing detecting 
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circuit 1 3 slices the binary signal, detects a signal invert- 
ing interval, and thereby measures a recording mark 
edge interval. In the example shown in FIG. 3, an Inter- 
val X of rising timing of the binary signal shown in FIG. 
3 (e) is measured. The value of a recording mark edge 
interval as a result of the measurement is accumulated 
In the edge interval accumulating memory 2b in the sys- 
tem controlling circuit 2. The system controlling circuit 2 
calculates an average of values accumulated In the 
memory that are obtained by measuring mark edge in- 
tervals. 

[0111] According to a difference calculating step 
S213, differences (namely, a shift amount of a mark 
edge) between an average of values of mark edge in- 
tervals and edge intervals of the test pattern signals for 
determining a recording pulse edge position (namely, 
signal Inverting intervals of the test pattern signals for 
determining a recording pulse edge position) are deter- 
mined. In the example shown in FIG. 3, a difference be- 
tween 15T as an Ideal signal inverting interval and the 
interval x is calculated. According to a difference judging 
step S214. It Is judged whether the difference is smaller 
than a fixed value. As the fixed value in this case, for 
example, the unit time for adjusting a front-end pulse 
edge position or a back-end pulse edge position (name- 
ly, an adjusting step) in the recording pulse edge adjust- 
ing circuit 8 is used. 

[01 1 2] When the difference is lager than the fixed val- 
ue, according to an edge position resetting step S215, 
a front-end pulse edge position or a back end pulse edge 
position is determined based on the above difference, 
and the edge position thus determined is set with re- 
spect to the recording pulse edge adjusting circuit 8. In 
the example shown in FIG. 3, a leading edge position of 
a recording pulse 301 with a period of 3T Is determined 
(in the example, each recording pulse with a period of 
3T is recorded as a single pulse by overiapping a front- 
end pulse and a back-end pulse). Then, the steps after 
the step S209 are repeated. 

[0113] When the difference is smaller than the fixed 
value, the front-end pulse edge position or the back-end 
pulse edge position set in the recording pulse edge ad- 
justing circuit 8 is a position closest to a desired position. 
Therefore, according to an edge position registering 
step S216, the system controlling circuit 2 registers the 
edge position that has been set (in the example shown 
in FIG. 3, the element of a preceding space length 5T 
and a self mark length 3T for a front-end pulse edge po- 
sition in the combination tables) as edge position infor- 
mation with respect to the table registering memory 2a 
in the system controlling circuit 2, and the test recording 
with respect to the element In the combination tables is 
thus ended. According to a test pattem switching step 
S218, after switching to test pattem signals for deter- 
mining a recording pulse edge position corresponding 
to an element in the combination tables to be used next, 
the steps after the step S209 are repeated. According 
to a table element judging step S21 7, it is judged wheth- 



er the steps S209 to S21 8 have been repeated with re- 
spect to all the elements in the combination tables. 
When setting and registration of edge positions are 
completed with respect to all the elements, the test re- 
5 cording is ended. 

[0114] Hereafter, in actual recording of an information 
signal, the selecting circuit 6 is switched so as to be con- 
nected to the modulation circuit 5, and based on an in- 
formation signal after passing through the modulation 
circuit 5, a recording pulse is generated. Then, recording 
is performed according to the front-end pulse edge po- 
sition and the back-end pulse edge position set in the 
recording pulse edge adjusting circuit 8, whereby a re- 
cording mark can be formed in an ideal position. 
[0115] This method is employed with the following in 
mind. When a random pattern signal is recorded, it is 
not easy to find out an element on the tables that re- 
quires correction of an edge position and how much cor- 
rection is needed for the element by a value of a bit error 
rate alone. On the other hand, when test pattern signals 
for determining a recording pulse edge position having 
a certain period of time are recorded. It is not until shift 
amounts of edge positions with respect to all test pattern 
signals are measured that it can be found out whether 
an Information signal actually can be recorded with ac- 
curacy. 

[0116] That is, since random pattern signals include 
signals of substantially all patterns based on the modu- 
lation rules, it is difficult to determine a shift amount of 
a recording mark edge with respect to a certain combi- 
nation of a self mark length and a preceding space 
length or a following space length, while it can be found 
easily whether information actually can be recorded with 
accuracy by measuring a jitter or a bit error rate. In con- 
trast to this, when a test recording is performed using a 
test pattern having a certain period of time, optimum val- 
ues of a front-end pulse edge position and a back-end 
pulse edge position can be found out through a shift 
amount of a recording mark edge determined by meas- 
uring a reproduction signal, while it is not until a se- 
quence of test patterns is recorded to measure shift 
amounts of recording mark edges with respect to all the 
elements in the combination tables that it can be found 
out whether information actually can t>e recorded with 
accuracy. 

[01 1 7] As descrit>ed above, in this embodiment, a ran- 
dom pattern is recorded initially, and only when a bit er- 
ror rate of reproduced Information has a value higher 
than a fixed value, a test recording is performed based 
on test pattern signals for determining a recording pulse 
edge position. Thus, when Initial values of a front-end 
pulse edge position and a back-end pulse edge position 
retained in a recording and reproducing device are op- 
timum, unnecessary steps of a test recording are elim- 
inated. Therefore, when an optical disk is Introduced in 
a recording and reproducing device in which the disk 
has been introduced before or when the optical disk is 
introduced in another recording and reproducing device 
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having equivalent performance to that of the recording 
and reproducing device in which the disk has been in- 
troduced before, the time for a test recording can be re- 
duced. In many cases, however, each Individual record- 
ing and reproducing device uses the same given optical 
disic highly frequently. Hence, employing this embodi- 
ment can provide a considerable effect of allowing the 
time for a test recording to t>e reduced. 
[01 1 8] Incidentally, In this emtxKiiment, preferably, in- 
formation indicating a front-end pulse edge position and 
a back-end pulse edge position is prerecorded on a pre- 
determined track such as a disk managing region on the 
optical disk 1, and prior to a test recording, the track is 
reproduced. Based on the information reproduced by 
the system controlling circuit 2, initial values of the front- 
end pulse edge position and the back-end pulse edge 
position are set. This method allows Initial values to be 
set based on information on a front-end pulse edge po- 
sition and a back-end pulse edge position with respect 
to each individual optical disk, whereby the time re- 
quired for a test recording further can be reduced. 
[0119] Furthermore, in this embodiment, preferably, 
the front-end pulse edge position and the back-end 
pulse edge position that are determined after the test 
recording are re-recorded on a predetermined track 
such as the disk managing region on the optical disk 1. 
According to this method, the next time this optical disk 
is introduced, the front-end pulse edge position and the 
back-end pulse edge position that have been deter- 
mined already can be used as initial values, whereby 
the time to be required for a test recording can be re- 
duced. 

[0120] Furthermore, in this embodiment, preferably, 

information indicating recording power is recorded on a 
predetermined track such as the disk managing region 
on the optical disk 1, and prior to a test recording, the 
track is reproduced. Based on the information repro- 
duced by the system controlling circuit 2, an Initial value 
of the recording power is set. This method allows an in- 
itial value to be set based on information on recording 
power with respect to each individual optical disk, 
whereby the time required for a test recording for deter- 
mining recording power further can be reduced. 
[0121] As for transmission of a random pattern signal, 
the configuration where the system controlling circuit 2 
retains random recording information and the recording 
information is modulated in the modulation circuit 5 al- 
lows the random pattern signal generating circuit 3 to 
be omitted, and thus is more preferable in that a config- 
uration of a recording and reproducing device can be 
simplified. As an alternative, the configuration where 
random recording information is transmitted from an ex- 
ternal device (such as a computer) connected to the re- 
cording and reproducing device of the invention to the 
system controlling circuit 2 and the recording informa- 
tion is modulated in the modulation circuit 5 also can 
provide the same effect. 



Second Embodiment 

[0122] Hereinafter, a second embodiment of the 
present invention will be described. In this embodiment, 

5 a random pattern is recorded initially, and only when a 
bit error rate of reproduced information has a value high- 
er than a predetermined value, a test recording is per- 
formed based on test pattern signals for determining re- 
cording power (second test pattern signals). Thus, when 

10 an initial value of the recording power is optimum, un- 
necessary steps of a test recording are eliminated. 
[0123] FIG. 4 is a block diagram schematically show- 
ing the configuration of a recording and reproducing de- 
vice (an optical infonmation recording device) for realiz- 

15 ing the second embodiment as described above. The 
recording and reproducing device of this embodiment 
has the same configuration as that of the first embodi- 
ment shown in FIG. 1 except that a recording power reg- 
istering memory 401a for registering a determined re- 

20 cording power Is provided in a system controlling circuit 
401 in place of the table registering memory 2a and the 
edge interval accumulating memory 2b and that the 
edge timing detecting circuit 1 3 is not provided. With ref- 
erence to a flow chart shown in FIG. 5, the operation of 

25 the recording and reproducing device of this embodi- 
ment controlled by the system controlling circuit 401 will 
be described in the following. 

[0124] In a test recording, initially, according to a 
seeking operation step S501, an optical head 10 seeks 

30 a predetermined test track on an optical disk 1 based 
on a command from the system controlling circuit 401. 
According to an edge position setting step S502, the 
system controlling circuit 401 sets initial values of a 
front-end pulse edge position and a back-end pulse 

35 edge position (namely, values that have been retained 
in the recording and reproducing device) with respect to 
a recording pulse edge adjusting circuit 8 and, according 
to a power setting step S503, an inltiail value of recording 
power with respect to a laser-driving circuit 9. Then, ac- 

40 cording to a random pattern signal transmitting step 
S504, a selecting circuit 6 is switched so that a random 
pattern signal from a random pattern signal generating 
circuit 3 is transmitted to a recording signal generating 
circuit 7 as a recording signal. 

45 [0125] According to a recording operation step S505, 
the recording signal generating circuit 7 detects how 
many multiples of a channel dock period T a signal in- 
verting interval of the recording data signal is equivalent 
to and generates a predetermined number of recording 

50 pulse trains with a predetermined width at predeter- 
mined timing according to length of a recording mark. 
Then, in the recording pulse edge adjusting circuit 8, 
edge positions of a front-end pulse and a back-end 
pulse of the respective recording pulse trains are adjust- 

55 ed to set values, respectively. The laser-driving circuit 9 
modulates a current for driving a laser as a light source 
according to a recording pulse and performs a recording 
on a corresponding track. On the track, a mark is record- 
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ed acxording to a waveform of the random pattern sig- 
nal. 

[0126] After the random pattern signal is recorded, ac- 
cording to a reproducing operation step S506, the opti- 
cal head 10 reproduces the corresponding track, and a 5 
reproduction signal processing circuit 12 equalizes a re- 
production signal and converts it to a binary signal. Ac- 
cording to a BER measuring step S507. a bit enror rate 
measuring circuit 14 compares a pattern of a test signal 
and a reproduced data pattern based on a waveform of to 
the binary signal and measures a bit error rate. 
[0127] Then, according to a BER judging step S508, 
in a judging circuit 16, the bit en-or rate and a BER pre- 
scribed value are judged by comparison, and informa- 
tion indicating a result of the judgment is transmitted to ts 
the system controlling circuit 401. The BER prescribed 
value defines a value of a bit error rate of reproduced 
information at a usable level. The value is determined 
in consideration of a recording margin of a recording and 
reproducing device and an optical disk, or the like. 20 
[0128] When a value as a result of the measurement 
Is lower than the BER prescribed value, the test record- 
ing is ended. Thus, unnecessary steps of a test record- 
ing are eliminated when edge positions prerecorded on 
an optical disk are optimum. Therefore, when a disk is 
introduced in a recording and reproducing device in 
which the disk has been introduced before or when the 
disk is introduced in another recording and reproducing 
device having equivalent performance to that of the re- 
cording and reproducing device in which the disk has 30 
been introduced before, the time for a test recording can 
be reduced. The steps described thus far are the same 
as those of the first embodiment. 
[0129] When the value as a result of the measurement 
Is higher than the BER prescribed value, the following 35 
steps for redetermining recording power are employed. 
In the.steps, a test signal for determining recording pow- 
er Is recorded in such a manner that recording power is 
changed from low to high, and recording power is de- 
termined by determining a threshold value that defines ^ 
a value of BER of the reproduced test signal being lower 
than a fixed value. Hereinafter, test recording steps for 
determining recording power will be described specifi- 
cally. 

[0130] According to a power setting step S509, the 45 
system controlling circuit 401 sends a command for set- 
ting recording power to the minimum value in a power 
adjustment range to the laser-driving circuit 9. Accord- 
ing to a test pattern signal transmitting step S510, the 
selecting circuit 6 is switched so that test pattern signals 
for determining recording power from a test pattern sig- 
nal generating circuit 4 are transmitted to the recording 
signal generating circuit 7 as a recording data signal. 
[0131] According to a recording operation step S51 1 , 
the recording signal generating circuit 7 converts the re- 
cording data signal to recording pulse trains. The laser- 
driving circuit 9 performs a test recording with respect 
to a corresponding track in such a manner that a current 
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for driving the laser is modulated based on the recording 
pulse trains after passing through the recording pulse 
edge adjusting circuit 8. 

[01 32] After the test pattern signals for determining re- 
cording power are recorded, according to a reproducing 
operation step S51 2, the optical head 1 0 reproduces the 
corresponding track. The reproduction signal process- 
ing circuit 12 equalizes a reproduction signal and con- 
verts It to a binary signal. Then, according to a BER 
measuring step S51 3, the bit error rate measuring circuit 
14 compares a pattern of a test signal with a reproduced 
data pattern based on a waveform of the binary signal 
and measures a bit error rate. 

[0133] Then, according to a threshold value judging 
step S51 4, in the judging circuit 1 6, the bit error rate and 
a BER threshold value are judged by comparison, and 
Information indicating a result of the judgment Is trans- 
mitted to the system controlling circuit 401 . The BER 
threshold value defines a value as a reference for cal- 
culating optimum recording power. The value is deter- 
mined in consideration of a recording margin of a re- 
cording and reproducing device and an optical disk, or 
the like. 

[0134] When a value of the BER is higher than the 
threshold value, according to a recording power reset- 
ting step S515, the system controlling circuit 401 sets 
the recording power increased by a predetermined 
amount with respect to the laser-driving circuit 9. Then, 
the steps after the step S510 are repeated. 
[0135] When the value of the BER is lower than the 
threshold value, according to a recording power calcu- 
lating step S516, the system controlling circuit 401 cal- 
culates optimum recording power through the recording 
power that has been set. Generally, for the calculation, 
a method is employed in which optimum recording pow- 
er is determined by multiplying recording power having 
a BER value lower than the threshold level by a fixed 
value. Then, the optimum recording power is registered 
on the recording power registering memory 401a in the 
system controlling circuit 401 as recording power infor- 
mation, and the test recording with respect to recording 
power is thus ended. 

[0136] Hereafter, in the actual recording of an infor- 
mation signal, the selecting circuit 6 is switched so as 
to be connected to a modulation circuit 5, and based on 
an information signal after passing through the modula- 
tion circuit 5, a recording pulse is generated. Recording 
is performed based on the recording power registered 
on the recording power registering memory 401a and 
according to the recording power set with respect to the 
laser-driving circuit 9 by the system controlling circuit 
401 , whereby information can be recorded with an ideal 
recording power. 

[01 37] As described atx>ve, in this emt}odiment, a ran- 
dom pattern is recorded initially, and only when a bit er- 
ror rate of reproduced information has a value higher 
than a fixed value, a test recording is performed based 
on test pattern signals for determining recording power. 
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Thus, when an initial value of recording power retained 
In a recording and reproducing device is optimum, un- 
necessary steps of a test recording are eliminated. 
Therefore, when an optical disk is introduced in a re- 
cording and reproducing device in which the optica! disk 
has been introduced before or when the optical disk is 
introduced in another recording and reproducing device 
having equivalent performance to that of the recording 
and reproducing device in which the optical disk has 
been introduced before, the time for a test recording can 
be reduced. In many cases, however, each individual 
recording and reproducing device uses the same given 
optical disk highly frequently. Hence, employing this em- 
bodiment can provide a considerable effect of allowing 
the time for a test recording to be reduced. 
[0138] Furthermore, in this embodiment, preferably, 
information indicating a front-end pulse edge position 
and a back-end pulse edge position is prerecorded on 
a predetermined track such as a disk managing region 
on the optical disk 1. and prior to a test recording, the 
track Is reproduced. Based on the information repro- 
duced by the system controlling circuit401. Initial values 
of the front-end pulse edge position and the back-end 
pulse edge position are set. This method allows initial 
values to be set based on information on a front-end 
pulse edge position and a back-end pulse edge position 
with respect to each individual optical disk. Hence, a test 
recording for determining recording power can be per- 
formed with an edge position having a value closer to 
an optimum value than an initial value of edge position 
information retained In a recording and reproducing de- 
vice. Therefore, errors caused during the recording 
power calculation due to a shift of a front-end pulse edge 
position and a back-end pulse edge position from opti- 
mum values can be reduced. 

[0139] Furthermore, in this embodiment, preferably, 
information Indicating recording power is prerecorded 
on a predetermined track such as the disk managing re- 
gion on the optical disk 1 , and prior to a test recording, 
the track is reproduced. Based on the information repro- 
duced by the system controlling circuit 401 , an initial val- 
ue of the recording power is set This method allows an 
initial value to be set based on information on recording 
power with respect to each individual optical disk, 
whereby the time required for a test recording for deter- 
mining recording power further can be reduced. 
[0140] Furthermore, In this embodiment, preferably, 
the recording power determined after the test recording 
is re-recorded on a predetermined track such as the disk 
managing region on the optical disk 1 . According to this 
method, the next time this optical disk is introduced, the 
recording power that has been determined already can 
be used as an initial value, whereby the time to be re- 
quired for a test recording can be reduced. 
[0141] As for transmission of a random pattern signal, 
the configuration where the system controlling circuit 
401 retains random recording information and the re- 
cording information is modulated in the modulation cir- 



cuit 5 allows the random pattern signal generating circuit 
3 to be omitted, and thus is more preferable in that a 
configuration of a recording and reproducing device can 
be simplified. As an alternative, the configuration where 
5 random recording information is transmitted from an ex- 
temal device (such as a computer) connected to the re- 
cording and reproducing device of the invention to the 
system controlling circuit 401 and the recording infor- 
mation is modulated in the modulation circuit 5 also can 
provide the same effect. 

Third Embodiment 

[0142] Hereinafter, a third embodiment of the present 
invention will be described^ FIG. 6 is a block diagram 
schematically showing the configuration of a recording 
and reproducing device (an optical information record- 
ing device) for realizing the third embodiment. The re- 
cording and reproducing device of this embodiment has 
the same configuration as that of the first emt>odiment 
shown in FIG. 1 except that a tentative corrected value 
memory 601a Is provided in a system controlling circuit 
601 and that a BER comparing circuit 602 including a 
BER interim value memory 602a and a comparator 602b 
is provided in place of the judging circuit. With reference 
to a flow chart shown in FIG. 7, the operation of the re- 
cording and reproducing device of this embodiment con- 
trolled by the system controlling circuit 601 will be de- 
scribed in the following. 

[0143] In a test recording. Initially, according to a first 
test recording operation step S701, a front-end pulse 
edge position and a back-end pulse edge position are 
determined by the method described In the first embod- 
iment, and the determined edge positions are set with 
respect to a recording pulse edge adjusting circuit 8. The 
steps described thus far are the same as the steps S201 
to S218 of the first embodiment. At the time of comple- 
tion of the step S701, the correction of edge positions 
using a test pattem Is optimum with respect to a certain 
combination of a mark length and a space length includ- 
ed in the test pattem. 

[0144] However, actual information signals are com- 
posed of signals of various patterns based on modula- 
tion rules (namely, signals substantially equivalent to a 
random pattern), and it has been found that, in some 
cases, they may have edge positions slightly shifted 
from edge positions determined by a test pattern. Here- 
inafter, this will be described specifically with reference 
to FIG. 3. 

[0145] In the case shown in FIG. 3, edge positions of 
the 3T recording pulse 301 in a combination of a 5T 
space and a 3T mark (in the example, each recording 
pulse with a period of 3T is recorded as a single pulse 
by overiapping a front-end pulse and a back-end pulse) 
are corrected only in the case of a certain mark-space 
arrangement of a 10T space, a 10T mark, a 5T space, 
a 3T mark, a 5T space, a 1 0T mark (continued). In an 
actual Information signal, however, all mark-space ar- 
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rangements based on the modulation mies may exist 
For example, with respect to a 3T mark with edge posi- 
tions being corrected, a mark 303 preceding the 3T mark 
302 and a mark 304 following the 3T mark 302 may have 
a period other than 10X and a space 305 following the 
3T mark 302 may have a period other than 5T. The var- 
iations of the marks 303 and 304 and the space 305 lead 
to slight variations in thermal influence given to the 3T 
marie 302 Itself. As a result, an optimum front-end pulse 
edge position in an actual Information signal may be dif- 
ferent from an edge position determined by a test pat- 
tern. In order to adjust a front-end pulse edge position 
and a back-end pulse edge position so as to conform to 
an actual information signal, the following steps are per- 
formed. 

[0146] According to a random pattern signal transmit- 
ting step S702, a selecting circuit 6 is switched so that 
a random pattern signal from a random pattern signal 
generating circuit 3 is transmitted to a recording signal 
generating circuit 7 as a recording data signal. 
[0147] According to a recording operation step S703, 
the recording signal generating circuit 7 detects how 
many multiples of a channel clock period T a signal in- 
verting interval of the recording data signal is equivalent 
to and generates a predetermined number of recording 
pulse trains with a predetermined width at predeter- 
mined timing according to the length of a recording 
mark. In the recording pulse edge adjusting circuit 8, a 
front-end pulse edge position and a back-end pulse 
edge position of the respective recording pulse trains 
are adjusted to set values, respectively. A laser-driving 
circuit 9 modulates a current for driving a laser as a light 
source according to the recording pulse trains and per- 
forms recording on a corresponding track. 
[0148] After the random pattern signal is recorded, ac- 
cording to a reproducing o|3eration step S704, an optical 
head 10 reproduces the corresponding track, and a re- 
production signal processing circuit 12 equalizes a re- 
production signal and converts it to a binary signal. Ac- 
cording to a BER measuring step S705, a bit enror rate 
measuring circuit 14 compares a pattern of a test signal 
with a reproduced data pattern and measures a bit error 
rate. Then, according to a BER interim value storing step 
S706, a value of the bit en*or rate as a result of the meas- 
urement is stored as an interim value in the BER interim 
value memory 602a in the BER comparing circuit 602. 
[0149] Next, according to an edge position changing 
step S707, with respect to an element In the combination 
tables composed of combinations of a mark length and 
a preceding and following space lengths, a front-end 
pulse edge position or a back-end pulse edge position 
is changed, and the changed edge position is set with 
respect to the recording pulse edge adjusting circuit 8. 
[01 50] According to a random pattern signal transmit- 
ting step S708, the selecting circuit 6 is switched so that 
a random pattem signal from the random pattern signal 
generating circuit 3 Is transmitted to the recording signal 
generating circuit 7 as a recording data signal. Accord- 



ing to a recording operation step S709, the laser as a 
light source is driven based on the recording data signal 
in the same manner as described above, and recording 
Is performed on a corresponding track. 

5 [0151] After the recording, according to a reproducing 
operation step S71 0, the optical head 1 0 reproduces the 
corresponding track and performs reproduction signal 
processing. According to a BER measuring step S711, 
a bit en^or rate is measured. 

10 [0152] According to a BER judging step S712. in the 
comparer 602b in the BER comparing circuit 602, it is 
judged whether a value of the bit en'or rate as a result 
of the measurement Is lower than the interim value in 
the BER Interim value memory 602a stored in the step 

15 S706. When the value of the bit error rate is lower than 
the interim value, a front-end pulse edge position (or a 
back-end pulse edge position) after being changed is 
more suitable for recording of an actual information sig- 
nal (equivalent to a random pattern signal) than an edge 

20 position before being changed. Thus, according to a ten- 
tative corrected value storing step S713, the front-end 
pulse edge position (or the back-end pulse edge posi- 
tion) is recorded as a tentative corrected value on the 
tentative corrected value memory 601a in the system 

25 controlling circuit 601. Further, according to a BER in- 
terim value storing step S714, the value of the bit error 
rate as a result of the measurement is stored as a new 
interim value in the BER interim value memory 602a in 
place of the interim value stored in the step S707. When 

30 the value of the bit error rate as a result of the measure- 
ment is higher than the interim value, the steps S713 
and S714 are not performed. 

[0153] According to a fine-adjustment range judging 
step S71 5, the steps S707 to S714 are repeated in such 

35 a manner that a front-end pulse edge position (or a back- 
end pulse edge position) is changed within an adjust- 
ment range of a corresponding element. After all the val- 
ues in the adjustment range are tested, according to an 
edge position registering step S716, the tentative cor- 

40 reded value stored in the tentative corrected value 
memory 601a in the step S713 is determined as a new 
front-end pulse edge position (or a back-end pulse edge 
position) and registered on a table registering memory 
2a in the system controlling circuit 601. This equates to 

45 setting the front-end pulse edge position (or the back- 
end pulse edge position) of the corresponding element 
so that a bit error rate has a minimum value. The bit error 
rale stored In the step S714 Is retained. Then, according 
to a table element switching step S718, the object of 

50 edge position change is switched to another element in 
the tables, and the steps S708 to S716 are repeated 
likewise. Then, according to a table element judging 
step S717, it is judged whether adjustment of a front- 
end pulse edge position (or back-end pulse edge posi- 

55 tion) is performed with respect to all the elements in the 
tables. When adjustment and registration of a front-end 
pulse edge position and a back-end pulse edge position 
with respect to all the elements in the table are complet- 
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ed. the test recording is ended. 

[0154] Hereafter, in the actual recording of an infor- 
mation signal, the selecting circuit 6 is switched so as 
to be connected to a modulation circuit 5, and based on 
an information signal after passing through the modula- 
tion circuit 5, a recording pulse Is generated. Recording 
is performed based on the front-end pulse edge position 
and the back-end pulse edge position set in the record- 
ing pulse edge adjusting circuit 8, whereby a recording 
marie can be recorded in an ideal edge position. 
[0155] As described above, in this embodiment, after 
a front-end pulse edge position and a back-end pulse 
edge position are determined In such a manner that a 
test pattern is recorded, and a random pattern signal is 
further recorded to correct the front-end pulse edge po- 
sition and the back-end pulse edge position. This allows 
edge positions to be set so that they conform to an actual 
information signal, whereby an information signal can 
be recorded with increased accuracy. 
[01 56] Although in this embodiment, after the first test 
recording operation step S701, a random pattern signal 
Is always recorded for adjustment of an edge position 
after the step S707, the following also may be possible. 
After the BER measuring step S705. the BER compar- 
ing circuit 602 judges a bit error rate with a BER pre- 
scribed value by comparison, and information indicating 
a result of the judgment is transmitted to the system con- 
trolling circuit 601. It is thus judged whether the steps 
after the step S707 should be performed. The BER pre- 
scribed value defines a value of a bit error rate of repro- 
duced information at a usable level. The value is deter- 
mined in consideration of a recording margin of a re- 
cording and reproducing device and an optical disk, or 
the like. Based on a result of the judgment, when the 
value as a result of measurement is lower than the BER 
prescribed value, a test recording Is ended. According 
to this method, when a value of the BER after completing 
the first test recording operation step S701 is sufficiently 
low, the steps after the step S707 can be omitted, where- 
by the time required for a test recording can be reduced. 
[0157] Furthermore, in this embodiment, instead of 
performing the first test recording operation step S701, 
the following also may be possible. Information indicat- 
ing a front-end pulse edge position and a back-end 
pulse edge position is prerecorded on a predetermined 
track such as a disk managing region on an optical disk 
1 , and prior to a test recording, the track is reproduced. 
Based on the Information reproduced by the system 
controlling circuit 601, initial values used in the case 
where a front-end pulse edge position and a back-end 
pulse edge position are corrected after the step S702 
are given to the recording pulse edge adjusting circuit 
8. According to this method, when information on a front- 
end pulse edge position and a back-end pulse edge po- 
sition with respect to each individual optical disk is com- 
paratively close to optimum values (that is, when there 
are few variations In a recording and reproducing de- 
vice), steps of a test recording using a first test pattern 



can be omitted, whereby the time required for a test re- 
cording further can be reduced. 
[0158] Furthermore, In this embodiment, preferably, 
the front-end pulse edge position and the back-end 
5 pulse edge position that are determined after the test 
recording are re-recorded on a predetermined track 
such as the disk managing region on the optical disk 1 . 
According to this method, the next time this optical disk 
is introduced, the fix>nt-end pulse edge position and the 
back-end pulse edge position that have been deter- 
mined already can be used as Initial values, whereby 
the time to be required for a test recording can be re- 
duced. 

[01 59] Furthermore, adjustment does not necessarily 
have to be performed with respect to all the elements in 
the combination tables, where a firont-end pulse edge 
position and a back-end pulse edge position are adjust- 
ed in such a manner that a random pattern is recorded. 
For example, a front-end pulse edge position according 
to an element in a combination table determined by a 
combination of a mark and a short preceding space is 
partlculariy susceptible to thermal interference caused 
during recording of a preceding mark. Further, a back- 
end pulse edge position according to an element in a 
combination table determined by a combination of a 
mark and a short following space is particulariy suscep- 
tible to thermal interference caused during recording of 
a following mark. Therefore, even adjustment per- 
formed only with respect to these elements as a part, 
where a front-end pulse edge position or a back-end 
pulse edge position is adjusted in such a manner that a 
random pattem is recorded, can provide an effect of al- 
lowing edge positions to be set so that they conform to 
an actual information signal. 

[01 60] Furthermore, this embodiment may be used as 
a method for adjusting a front-end pulse edge position 
and/or a back-end pulse edge position with respect to a 
plurality of elements at a time. However, when the plu- 
rality of elements are adjusted at a time, the number of 
combinations for adjustment is increased. Thus, the fol- 
lowing method is more preferable in that the time re- 
quired for a test recording can be reduced. A front-end 
pulse edge position or a back-end pulse edge position 
is adjusted with respect to each element in the combi- 
nation tables by changing the front-end pulse edge po- 
sition or the back-end pulse edge position within a given 
range. 

Fourth Embodiment 

[01 61] FIG. 8 is a block diagram schematically show- 
ing the configuration of a recording and reproducing de- 
vice (an optical information recording device) according 
to a fourth embodiment of the present invention. The re- 
cording and reproducing device of this embodiment has 
the same configuration as that of the first embodiment 
shown in FIG. 1 except for the following. The random, 
pattem signal generating circuit 3 is not provided. In a 
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system controlling circuit 801, a pulse width registering 
memory 801a and a tentative corrected value memory 
801 b are provided. A recording pulse width adjusting cir- 
cuit 802 Is provided to follow a recording signal gener- 
ating circuit 7. A jitter measuring circuit 803 is used in 5 
place of the BERmeasuring circuit 14. A jitter comparing 
circuit 804 including a jitter interim value memory 804a 
and a comparer 804b is provided in place of the judging 
circuit 

[0162] In the conventional test recording, edge posi- io 
tions are adjusted with a front-end pulse width and a 
back-end pulse width unadjusted. However, it has been 
found that, in some cases, front and back parts of a re- 
cording mark may be distorted asymmetrically with each 
other depending on a disk even when recorded in the is 
same front-end pulse width and the same back-end 
pulse width due to variations in thermal characteristics 
of the disk. Hereinafter, this will be described specifically 
with reference to FIG. 9. 

[0163] FIG. 9 is a diagram showing the relationship 20 
between a recording pulse waveform and a recording 
mark In the conventional methods for recording and re- 
production. FIG. 9 (a) illustrates a recording pulse wave- 
form, and FIG.9 (b) illustrates a recording mark 904 on 
a track when recorded in an optimum mark shape. FIGs. 25 
9 (c) and 9 (d) illustrate recording mari<s 905 and 906 
on a track when recorded in distorted shapes, respec- 
tively. 

[0164] In order to record a mark in the shape of the 
mari< 904 shown In FIG. 9 (b), conventionally, a method 30 
has been employed in which the width of a front-end 
pulse 901 in a recording pulse train 903 is made wide 
and the widths of an intermediaite pulse and a back-end 
pulse 902 are made narrow. However, a pulse width that 
causes a mark shape not to be distorted varies depend- 35 
ing on thermal characteristics of a disk. Therefore, when 
recording is performed in the same front-end pulse width 
901 and the back-end pulse width 902 irrespective of a 
type of a disk that is used, distortion of a recorded mark 
occurs differently depending on the disk. For example, ^ 
when recording is performed on a disk having high heat 
conductivity in a track direction, a back part of the mark 
905 becomes large as shown In FIG. 9 (c). On the other 
hand, when recording is performed on a disk having low 
heat conductivity in a track direction, a front part of the 4S 
mark 906 becomes large as shown in FIG. 9 (d). A disk 
on which a mark is recorded in a largely-distorted shape 
as shown in FIGs, 9 (c) and 9 (d) leads to increased 
jitters of a reproduction signal. In order to avoid this, the 
following method is employed in this emt>odiment. so 
[01 65] Hereinafter, the operation of the recording and 
reproducing device of this emtxxiiment controlled by the 
system controlling circuit 801 will be described with ref- 
erence to a flow chart shown in FIG. 10. 
[0166] In a test recording, initially, according to a 55 
seeking operation step SI 001 , an optica! head 1 0 seeks 
a predetermined test track on an optical disk 1 . Accord- 
ing to a power setting operation S1002, the system con- 



trolling circuit 801 sets recording power with respect to 
a laser-driving circuit 9 and, according to a pulse width 
setting operation SI 003, initial values of a front-end 
pulse width and a back-end pulse width (namely, values 
that have been retained in the recording and reproduc- 
ing device) with respect to the recording pulse width ad- 
justing circuit 802. According to an edge position setting 
step S1004, the system controlling circuit 801 sets initial 
values of edge positions with respect to a recording 
pulse edge adjusting circuit 8. Next, according to a test 
pattern signal transmitting step S1005, a test pattern 
signal generating circuit 4 generates test pattern signals 
for determining a pulse width (third test pattern signals) 
and transmits them to the recording signal generating 
circuit 7 as recording data signals. It is preferable that 
the test pattern signals for determining a pulse width be 
single-period pattern signals in that a recording pulse 
width can be determined without being affected by jitters 
increased due to shift of a front-end pulse edge position 
and a back-end pulse edge position from optimum val- 
ues. 

[0167] According to a recording operation step 
SI 006, the recording signal generating circuit 7 detects 
how many multiples of a channel clock period T a signal 
Inverting interval of the recording data signal is equiva- 
lent to and generates a predetermined number of re- 
cording pulse trains with a predetermined width at pre- 
determined timing according to length of a recording 
mark. In the recording pulse width adjusting circuit 802, 
widths of a front-end pulse and a back-end pulse in the 
recording pulse trains are set to Initial values, respec- 
tively, and in the recording pulse edge adjusting circuit 
8. edge positions of the firont-end pulse and the back- 
end pulse in the recording pulse trains are set to initial 
values, respectively. The laser-driving circuit 9 modu- 
lates a current for driving a laser as a light source ac- 
cording to a recording pulse and performs recording on 
a corresponding track. 

[01 68] After the test pattern signals are recorded, ac- 
cording to a reproducing operation step SI 007, the op- 
tical head 10 reproduces the corresponding track, and 
a reproduction signal processing circuit 12 equalizes a 
reproduction signal and converts It to a binary signal. 
According to a jitter measuring step SI 008, the jitter 
measuring circuit 803 measures a jitter of mark leading 
edges and a jitter of mark trailing edges of the reproduc- 
tion signal. Then, according to a jitter interim value stor- 
ing step SI 009, values of the jitters as results of the 
measurement are stored as interim values in the jitter 
interim value memory 804a in the jitter comparing circuit 
804. 

[0169] Next, in a pulse width changing step SI 010, 
the system controlling circuit 801 changes the width of 
a firont-end pulse and/or a back-end pulse and sets a 
pulse width with respect to the recording pulse width ad- 
justing circuit 802. According to a test pattern signal 
transmitting step S 1 01 1 , a selecting circuit 6 is switched 
so that test pattern signals for determining a pulse width 
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from the test pattern signal generating circuit4 are trans- 
mitted to the recording signal generating circuit 7 as re- 
cording data signals. According to a recording operation 
step S1012. the laser as a light source Is driven based 
on the recording data signal in the same manner as de- 
scribed aljove, and recording is performed on the cor- 
responding track. 

[01 70] After the recording, according to a reproducing 
operation step S1013, the optical head 10 reproduces 
the corresponding track, and according to a jitter meas- 
uring step SI 014, a jitter is measured after a reproduc- 
tion signal processing. At this point, according to a jitter 
judging step S1015, in the comparator 804b in the jitter 
comparing circuit 804, it is judged whether a value of the 
jitter as a result of the measurement is lower than the 
Interim value stored in the jitter interim value memory 
804a in the step S1009. When the value of the jitter Is 
lower than the Interim value, a pulse width after being 
changed is more suitable than a pulse width before be- 
ing changed and thus Is recorded as a tentative pulse 
width in the tentative corrected value memory 801b in 
the system controlling circuit 801 . Further, according to 
a jitter interim value storing step S1017, the value of the 
jitter as a result of the measurement is stofBd as a new 
interim value In the jitter Interim value memory 804a in 
place of the interim value stored in the tentative correct- 
ed value memory in the step SI 007. When the value of 
the jitter is higher than the interim value, the steps 81 016 
and SI 01 7 are not performed. 

[0171] The steps S1010 to S1017 are repeated In 
such a manner that a pulse width is changed within an 
adjustment range of a corresponding element Accord- 
ing to a set range judging step S1018, It is judged wheth- 
er all the values in the adjustment ranges have been 
tested. After all the values in the adjustment ranges are 
tested, a tentative value of a pulse width stored in the 
step SI 01 6 is determined as a new pulse width. This 
equates to setting widths of a front-end pulse and a 
back-end pulse so that jitters are minimized with respect 
to test pattem signals. Hereinafter, this will be described 
specifically with reference to FIG. 11. 
[0172] FIG. 11(a) Is a diagram showing the relation- 
ship between a front-end pulse width (FPW) and a jitter 
of leading edges (LEJ) of a reproduction signal. When 
a width of a front-end pulse is changed as shown in FIG. 
11(a), a shape of afront part of a recording mark varies, 
whereby a leading edge jitter varies. A decrease in the 
width of the front-end pulse decreases a heat amount 
given to the front part of the recording mark. This leads 
to distortion In shape of the recording mark with the front 
part made smaller than a back part, thereby increasing 
jitters (that is, the front part of the recording mark can 
not be recorded stably). An increase in width of the front- 
end pulse Increases a heat amount given to the front 
part of the recording mark. This leads to distortion in the 
shape of the recording mark with the front part made 
larger than the back part, thereby increasing jitters (that 
Is, this equates to recording of the front part of the re- 



cording mark with excessive recording power). There- 
fore, when a width of the front-end pulse is adjusted to 
y1 so as to minimize jitters, the shape of the front part 
of the recording mark can be optimized. 
5 [0173] FIG- 11(b) is a diagram showing the relation- 
ship between a back-end pulse width (LPW) and a jitter 
of trailing edges (TEJ) of a reproduction signal. When a 
width of a back-end pulse is adjusted to y2 so as to min- 
imize jitters in the same manner as in the case of the 
10 front-end pulse, a shape of a back part of a recording 
mark can be optimized. As described above, measuring 
a leading edge jitter and a trailing edge jitter of a repro- 
duction signal allows the Influence of widths of a front- 
end pulse and a back-end pulse to be measured sub- 
15 stantially independently. This is more preferable In that 
each pulse width can be determined easily. 
[0174] After the foregoing step, according to a first 
test recording operation step S1020, a front-end pulse 
edge position and a back-end pulse edge position are 
set by the method described in the first embodiment and 
registered. These are the same steps as the steps S201 
to S218 of the first embodiment. The test recording is 
thus ended. 

[0175] Hereafter, in the actual recording of an Infor- 
mation signal, recording is performed according to the 
front-end pulse width and the back-end pulse width set 
in the recording pulse width adjusting circuit 802 and the 
front-end pulse edge position and the back-end pulse 
edge position set In the recording pulse edge adjusting 
circuit 8, whereby In actual recording of an Information 
signal, a recording mark free from distortion can be 
formed in an ideal edge position. 
[0176] As descrit>ed above, in this embodiment, prior 
to determination of an edge position of a recording pulse 
by recording of a test pattern, a test pattem is recorded 
to adjust a front-end pulse width and a back-end pulse 
width. This allows a recording pulse width to be set so 
that it corresponds to differences In thermal character- 
istics of each optical disk, whereby an information signal 
can be recorded with increased accuracy. 
[0177] Furthermore, In this embodiment, preferably. 
Information indicating a front-end pulse width and a 
back-end pulse width is prerecorded on a predeter- 
mined track such as a disk managing region on the op- 
tical disk 1, and prior to a test recording, the track Is re- 
produced. Based on the Information reproduced by the 
system controlling circuit 801, initial values of the front- 
end pulse width and the back-end pulse width are set. 
This method allows initial values to be set based on in- 
formation on a front-end pulse width and a back-end 
pulse width with respect to each individual optical disk, 
whereby the time required for a test recording further 
can be reduced. 

[0178] Furthermore, in this embodiment, preferably, 
the front-end pulse width and the back-end pulse width 
that are determined after the test recording are re-re- 
corded on a predetermined track such as the disk man- 
aging region on the optical disk 1. According to this 
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method, the next time this optical disk is introduced, the 
front-end pulse width and the back-end pulse width that 
have been determined already can be used as initial val- 
ues, whereby the time to be required for a test recording 
can be reduced. 5 
[0179] Furthermore, in this embodiment, preferably, 
information indicating a front-end pulse edge position 
and a back-end pulse edge position is prerecorded on 
a predetermined track such as the disk managing region 
on the optical disk 1, and prior to a test recording, the io 
track is reproduced. Based on the information repro- 
duced by the system controlling circuit 801 , initial values 
of the front-end pulse edge position and the back-end 
pulse edge position are set. This method allows initial 
values to be set based on information on a front-end 15 
pulse edge position and a back-end pulse edge position 
with respect to each individual optical disk, whereby the 
time required for a test recording further can be reduced. 
[0180] Furthermore, in this embodiment, preferably, 
the front-end pulse edge position and the back-end 20 
pulse edge position that are determined after the test 
recording are re-recorded on a predetermined track 
such as the disk managing region on the optical disk 1. 
According to this method, the next time this optical disk 
is introduced, the front-end pulse edge position and the 2s 
back-end pulse edge position that have been deter- 
mined already can be used as initial values, whereby 
the time to be required for a test recording can be re- 
duced. 

[0181] I ncidentally, the following is more preferable in 30 
that recording power also can be determined optimally: 
prior to the first embodiment, moreover as in the second 
embodiment, a random pattern signal is recorded initial- 
ly, and only when a bit en*or rate of reproduced informa- 
tion has a value higher than a fixed value, a test record- 35 
ing is performed based on a test pattem for determining 
recording power to determine recording power. At this 
point, more preferably, after the test recording, the de- 
termined recording power is re-recorded on a predeter- 
mined track such as, the disk managing region on the ^ 
optical disk 1. According to this method, the next time 
this optical disk is introduced, the recording power that 
has been determined already can be used as an initial 
value, whereby the time to be required for a test record- 
ing can be reduced. 45 
[0182] Furthermore, the following is more preferable 
in that each edge position also can be determined opti- 
mally: prior to the second embodiment, moreover as in 
the first embodiment, a random pattern signal is record- 
ed initially, and only when a bit en^or rate of reproduced so 
information has a value higher tiian a fixed value, a test 
recording is performed based on test pattern signals for 
determining an edge position to determine a front-end 
pulse edge position and a back-end pulse edge position. 
According to tiiis method, the next time this optical disk 55 
is introduced, the front-end pulse edge position and the 
back-end pulse edge position that have been deter- 
mined already can be used as initial values, whereby 



the time to be required for a test recording can be re- 
duced. 

[0183] Furthermore, the following allows a front-end 
pulse edge position and a back-end pulse edge position 
to be determined so that they conform to an actual in- 
formation signal, whereby an information signal can be 
recorded with increased accuracy: subsequent to the 
first emt)odiment or the second embodiment, moreover 
as in the third embodiment, a random pattern signal Is 
recorded and a bit error rate thereof is measured; and 
a front-end pulse edge position and a back-end pulse 
edge position are determined based on a result of the 
measurement. Moreover, the following is more prefera- 
ble in that an information signal can be recorded accord- 
ing to variations in thermal characteristics of each opti- 
cal disk, thereby providing increased accuracy: subse- 
quent to these embodiments, as in the fourth embodi- 
ment, test pattern signals for determining a pulse width 
are recorded; and a front-end pulse width and a back- 
end pulse width are adjusted based on results obtained 
by reproducing the signals. 

[0184] Furthermore, in the first embodiment, the fol- 
lowing is more preferable in that a recording pulse width 
can be set according to variations In thermal character- 
istics of each optical disk, whereby an information signal 
can be recorded with increased accuracy: before re- 
cording a test pattern for determining an edge position, 
moreover as In the fourth embodiment, test pattem sig- 
nals for determining a pulse width are recorded; and a 
front-end pulse width and a back-end pulse width are 
adjusted based on results obtained by reproducing the 
signals. Moreover, performing the second embodiment 
prior to these embodiments and the third embodiment 
subsequent to these emtxKilments allows recording 
conditions to be determined substantially perfectly. 
[0185] Furthermore, In the second embodiment, the 
following is more preferable in that a recording pulse 
width can be set according to variations In thermal char- 
acteristics of each optical disk, whereby an information 
signal can be recorded with increased accuracy: before 
recording test pattem signals for determining an edge 
position, moreover as in the fourth emtxxiiment, test 
pattem signals for determining a pulse width are record- 
ed; and a front-end pulse width and a back-end pulse 
width are adjusted based on a result obtained by repro- 
ducing the signal. Moreover, performing the first embod- 
iment prior to these embodiments and the third embod- 
iment subsequent to these embodiments allows record- 
ing conditions to be determined substantially perfectly. 
[01 86] Incidentally, in the first to fourth embodiments, 
preferably, information for identifying a recording and re- 
producing device in which a test recording has been per- 
formed is recorded as information on a predetermined 
area such as a disk managing region on an optical disk. 
According to this method, the next time this medium is 
introduced to a recording and reproducing device, it can 
be judged whether the recording and reproducing de- 
vice is substantially identical to the recording and repro- 
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ducing device in which the test recording has been per- 
formed. When the device is judged to be identical, the 
time to be required the next time when a test recording 
is performed can be reduced. When judged to be sub- 
stantially identical, a recording and reproducing device 
is the same recording and reproducing device or an 
equivalent recording and reproducing device (for exam- 
ple, a device manufactured by the same manufacturer). 
[0187] Furthermore, in the first to fourth embodi- 
ments, more preferably, information for Identifying a re- 
cording and reproducing device prerecorded on a pre- 
determined area such as a disk managing region on an 
optical disk is read out, and it is judged whether the Iden- 
tified recording and reproducing device is substantially 
identical to a recording and reproducing device in which 
a test recording is performed. When the identified re- 
cording and reproducing device is substantially Identical 
to the recording and reproducing device in which the test 
recording is performed, a test recording is skipped with 
respect to at least one selected from the group consist- 
ing of: information indicating a front-end pulse edge po- 
sition and a back-end pulse edge position, information 
indicating a front-end pulse width and a back-end pulse 
width, and information Indicating recording power. Ac- 
cording to this method. In the case of a recording and 
reproducing device that is substantially identical, Infor- 
mation Indicating a front-end pulse edge position and a 
back-end pulse edge position, information indicating a 
front-end pulse width and a back-end pulse width, and 
information indicating recording power that are read out 
from an optical disk are used as optimum values, where- 
by the time to be required the next time when a test re- 
cording is performed can be reduced. 
[0188] Incidentally, in the first to fourth embodiments, 
the timings desirable for performing a test recording are 
at least: when a recording and reproducing device is ad> 
justed; when the recording and reproducing device is 
started; when a certain time has elapsed after the start- 
up; when an optical disk is replaced; when a bit error 
rate of the optical disk exceeds a predetermined value; 
and when the temperature of an operation environment 
varies. 

[0189] Performing a test recording when a recording 
and reproducing device is adjusted can compensate for 
variation factors caused among recording and repro- 
ducing devices. Further, performing a test recording 
when a recording and reproducing device is started and 
when a certain time has elapsed after the start-up can 
compensate for variation factors of the recording and 
reproducing device itself. Further, performing a test re- 
cording when an optical disk Is replaced can comperv 
sate for variation factors among optical disks. Further, 
performing a test recording when a bit error rate of an 
optical disk exceeds a predetermined value can com- 
pensate for variation factors of the optical disk Itself. Fur- 
ther, performing a test recording when temperature of 
an operation environment can compensate for variation 
factors attributable to temperature dependence of a re- 



cording and reproducing device and an optical disk. 
[0190] Furthermore, either in the first embodiment or 
the third and fourth embodiments, for the purpose of de- 
termining an edge position of a recording pulse, a meth- 
5 od Is employed in which a certain test signal is recorded 
to measure an edge interval of a recording mark, and a 
difference between the measured edge interval and an 
optimum edge interval is adjusted in an edge position 
adjusting circuit. However, the same effect can be ob- 
tained by the following method. Plural kinds of test sig- 
nals obtained by varying an edge position of a recording 
pulse In a step-wise manner are recorded, and with re- 
spect to the respective test signals, an edge Interval of 
a recording mark is measured. An'edge position of a 
recording pulse in a test signal in which the smallest shift 
amount of an edge interval is obtained is set with respect 
to an edge position adjusting circuit as an optimum val- 
ue. 

[0191] Furthermore, in the first to fourth embodi- 
ments, measurement of an edge interval of a recording 
mark is performed in an edge timing detecting circuit, 
and accumulation of values of edge Intervals as results 
of the measurement and calculation of an average value 
thereof are performed in a system controlling circuit. 
However, these steps may be performed in a measuring 
device external to the recording and reproducing device 
of the invention such as a time interval analyzer 
[01 92] Furthermore, in the first to third embodiments, 
for the purpose of generating test pattern signals for de- 
termining a pulse edge position, test pattern signals for 
determining recording power, and test pattem signals 
for determining a pulse width, there is provided the test 
signal generating circuit 4 composed of ROM, or the like 
housing these test pattem signals. However, test pattern 
signals may be signals obtained by modulating a certain 
information signal generated from a system controlling 
circuit This eliminates the need for separately providing 
a test signalgenerating circuit, thereby allowing a device 
to be reduced in size. Moreover, the test pattern signals 
may be signals to which an error-correcting code is add- 
ed, respectively or interleaved signals. A bit enror rate 
may be measured after demodulation or error correct 
tion, 

[0193] Furthermore, as the optical disk described 
above, any medium can apply the aforementioned 
methods as long as the medium Is a medium In which a 
recording mark and a mark non-forming part (a space 
part) vary In optical characteristics such as a phase 
change material, a magneto-optical material, or a dye 
material. 

[0194] Furthermore, obviously, the modulation meth- 
ods, the lengths and positions of each pulse, the periods 
of test pattern signals, or the like mentioned above are 
not limited to those in these embodiments, and it is pos- 
sible to set optimum ones according to recording condi- 
tions or media. Moreover, measurement of a jitter may 
be substituted for measurement of a bit enx)r rate, and 
measurement of a bit error rate may be substituted for 
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measurement of a jitter. 



Claims 

5 

1. A method for optically recording information in 
which recording and reproduction of information is 
performed in such a manner that a test recording is 
performed before recording an information signal 
on a rewritable optical information recording medi- io 
um. 

wherein based on a front-end pulse edge po- 
sition predetermined by a combination table of a 
preceding space length and a self mark length and 
a back-end pulse edge position predetermined by is 
a combination table of a self mark length and a fol- 
lowing space length, a random pattem signal Is re- 
corded (a), 
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3- The method for optically recording information ac- 
cording to claim 2, 

wherein a random pattern is recorded in such 
a manner that the optimum values of the front-end 
pulse edge position and the back-end pulse edge 
position determined in the step (f) are used as initial 
values, and that at least one of the fi-ont-end pulse 
edge position and the back-end pulse edge position 
Is (are) changed (a - 1), 

a jitter or a bit error rate of a reproduction signal 
obtained by reproducing the random pattem is 

measured (b - 1 ), and 

based on a result obtained by measuring the 
jitter or the bit error rate, the optimum values of 
the front-end pulse edge position and the back- 
end pulse edge position are corrected to be re- 
determined (c- 1). 



a jitter or a bit error rate of the random pattem 20 
signal after being reproduced is measured (b), 
it is judged whether a value of the jitter or the 
bit error rate as a result of the measurement is 
not less than a fixed value (c), 
when the value of the jitter or the bit error rate 25 
is judged to be not less than the fixed value, 
first test pattem signals are recorded (d), 
edge intervals of the first test pattern signals af- 
ter being reproduced are measured (e), and 
based on results obtained by measuring the 30 
edge intervals, optimum values of the front-end 
pulse edge position and the back-end pulse 
edge position are determined (f). 

2. The method for optically recording information ao- 35 
cording to claim 1, 

wherein prior to the step (a), 

based on the front-end pulse edge p>osition and 

the back-end pulse edge position that are pre- 40 

determined, a random pattem signal according 

to predetermined recording power is recorded, 

a jitter or a bit error rate of the random pattem 

signal after being reproduced is measured, 

it is judged whether a value of the jitter or the 45 

bit error rate as a result of the measurement is 

not less than a fixed value, 

when the value of the jitter or the bit error rate 

is judged to be not less than the fixed value, 

second test pattern signals are recorded in so 

such a manner that the front-end pulse edge 

position and the back-end pulse edge position 

are set to predetermined values, 

based on results obtained by reproducing the 

second test pattern signals, an optimum value ss 

of recording power is determined, and 

the steps (a) to (f) are performed. 



4. The method for optically recording information ac- 
cording to claim 3, 

wherein prior to the step (a - 1 ), 

based on the optimum values of the front-end 
pulse edge position and the back-end pulse 
edge position determined in the step (f), a ran- 
dom pattern is recorded, 
a jitter or a bit en-or rate obtained by reproduc- 
ing the random pattern is measured, 
it is judged whether a value of the jitter or the 
bit error rate as a result of the measurement is 
not less than a fixed value, and 
when the value of the jitter or the bit error rate 
Is judged to be not less than the fixed value, the 
steps (a - 1) to (c - 1) are performed. 

5. The method for optically recording information ac- 
cording to claim 4, 

wherein subsequent to the step (c - 1), 

based on the corrected optimum values of the 
front-end pulse edge position and the back-end 
pulse edge position, third test pattern signals 
are recorded, and 

based on results obtained by reproducing the 
third test pattem signals, a front-end pulse 
width and a back-end pulse width are correct- 
ed. 

6. The method for optically recording information ac- 
cording to claim 1, 

wherein prior to the step (a), 

based on the front-end pulse edge position and 
the back-end pulse edge position that are pre- 
determined, third test pattem signals are re- 
corded, and 

based on results obtained by reproducing the 
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third test pattern signals, a front-end pulse 
width and a back-end pulse width are correct- 
ed. 



A1 




and used as an initial value, and 

based on the information, the predetermined 
recording power is determined. 



7. The method for optically recording information ac- s 
cording to claim 1 , 

wherein information indicating the front-end 
pulse edge position and information indicating the 
back-end pulse edge position that are prerecorded 
in a predetermined area on the optical Information io 
recording medium are read out and used as initial 
values, and 

based on the information, the front-end pulse 
edge position and the back-end pulse edge position 
that are predetermined are determined. is 

8. The method for optically recording information ac- 
cording to claim 7, 

wherein information for identifying a recording 
and reproducing device that is prerecorded in a pre- 20 
determined area on the optical information record- 
ing medium is read out. 



12. The method for optically recording information ac- 
cording to claim 11, 

wherein information for identifying a recording 
and reproducing device that is prerecorded in a pre- 
determined area on the optical information record- 
ing medium is read out, 

it is judged whether or not the recording and 
reproducing device after being identified is sut>- 
stantlaliy Identical to a recording and reproduc- 
ing device in which a test recording is per- 
formed, and 

when the recording and reproducing device af- 
ter being identified Is judged to be substantially 
identical to the recording and reproducing de- 
vice in which the test recording is performed, a 
test recording is skipped with respect to infor- 
mation indicating recording power. 



It is judged whether the recording and repro- 
ducing device after being identified is substan- 
tially identical to a recording and reproducing 
device in which a test recording Is performed, 
and 

when the recording and reproducing device af- 
ter being identified is judged to be substantially 
Identical to the recording and reproducing de- 
vice In which the test recording Is performed, a 
test recording Is skipped with respect to infor- 
mation indicating a front-end pulse edge posi- 
tion and information indicating a back-end 
pulse edge position. 

9. The method for optically recording information ac- 
cording to claim 1 , 

wherein the optimum values of the front-end 
pulse edge position and the back-end pulse edge 
position are recorded as information in a predeter- 
mined area on the optical information recording me- 
dium. 

10. The method for optically recording information ac- 
cording to claim 9, 

wherein information for identifying a recording 
and reproducing device in which a test recording 
has been performed is recorded as information in a 
predetermined area on the optical information re- 
cording medium. 

11. The method for optically recording information ac- 
cording to claim 2, 

wherein information indicating the recording 
power prerecorded In a predetermined area on the 
optical information recording medium is read out 



13. The method for optically recording information ac- 
25 cording to claim 2, 

wherein the optimum value of the recording 
power is recorded as information in a predeter- 
mined area on the optical information recording me- 
dium. 

30 

14. The method for optically recording informatton ac- 
cording to claim 13, 

wherein information for identifying a recording 
and reproducing device in which a test recording 
35 has been performed is recorded as information in a 
predetermined area on the optical information re- 
cording medium. 

15. An optical information recording device for record- 
40 ing information on an optical information recording 

medium employing the method for optically record- 
ing information according to claim 1 , 

wherein a test recording is performed and a 
timing thereof Is at least one selected from the 
^ group consisting of: when the recording and repro- 
ducing device Is adjusted; when the recording and 
reproducing device is started; when a certain time 
has elapsed after the start-up; when an optical in- 
formation recording medium Is replaced; when a bit 
50 error rate of an optical information recording medi- 
um exceeds a predetermined value; and when a 
temperature of an operation environment of the op- 
tical information recording device varies. 

55 16. A method for optically recording information In 
which recording and reproduction of information is 
performed in such a manner that a test recording is 
performed before recording an information signal 
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on a rewritable optical information recording medi- 
um, 

wherein based on a front-end pulse edge po- 
sition and a back-end pulse edge position that are 
predetermined, a random pattern signal according s 
to predetermined recording power is reconded, 

a jitter or a bit error rate of the random pattem 
signal after being reproduced is measured, 
it is judged whether a value of the jitter or the io 
bit error rate as a result of the measurement is 
not less than a fixed value, 
when the value of the jitter or the bit error rate 
is judged to be not less than the fixed value, 
first test pattern signals are recorded in such a 15 
manner that the recording power is set to a pre- 
determined value, and 

based on results obtained by reproducing the 
first test pattern signals, optimum values of the 
front-end pulse edge position and the bacl<-end 20 
pulse edge position are determined, and 

wherein based on the front-end pulse edge 
position and the back-end pulse edge position that 
are predetermined, a random pattern signal is re- 25 
corded with predetermined recording power (a), 

a jitter or a bit error rate of the random pattem 
signal after being reproduced is measured (b), 
it is judged whether or not a value of the jitter 30 
or the bit error rate as a result of the measure- 
ment is not less than a fixed value (c), 
when the value of the jitter or the bit error rate 
is judged to be not less than the fixed value, 
second test pattern signals are recorded (d), 35 
and 

based on results obtained by reproducing the 
second test pattern signals, an optimum value 
.of the recording power is determined (e). 

40 

17. The method for optically recording information ac- 
cording to claim 16, 

wherein a random pattern is recorded in such 
a manner that the recording power is set to the op- 
timum value determined in the step (e), and that at 45 
least one of the front-end pulse edge position and 
the back-end pulse edge position is (are) changed 
(a-1). 

a jitter or a bit en-or rate obtained by reproduc- 50 
ing the random pattern is measured (b - 1), and 
based on a result obtained by measuring the 
jitter or the bit error rate, the optimum values of 
the front-end pulse edge position and the back- 
end pulse edge position are corrected to be re- 55 
determined (c-1). 

18. The method for optically recording information ac- 
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cording to claim 17, 

wherein prior to the step (a-1), 

based on the optimum value of the recording 
power determined in the step (e), a random pat- 
tem is recorded, 

a jitter or a bit error rate obtained by reproduc- 
ing the random pattem is measured, 
it Is judged whether a value of the jitter or the 
bit error rate as a result of the measurement is 
not less than a fixed value, and 
when the value of the jitter or the bit error rate 
is judged to be not less than the fixed value, the 
steps (a - 1 ) to (c - 1 ) are performed. 

19. The method for optically recording information ac- 
cording to claim 18, 

wherein subsequent to the step (c - 1), 

based on the corrected optimum values of the 
front-end pulse edge position and the back-end 
pulse edge position, third test pattern signals 
are recorded, and 

based on results obtained by reproducing the 
third test pattem signals, a front-end pulse 
width and a back-end pulse width are correct- 
ed. 

20. The method for optically recording information ac- 
cording to claim 16, 

wherein, prior to the step (a), 

based on the front-end pulse edge position and 
the back-end pulse edge position that are pre- 
determined, third test pattem signals are re- 
corded, and 

based on results obtained by reproducing the 
third test pattem signals, a front-end pulse 
width and a back-end pulse width are correct- 
ed. 

21. The method for optically recording information ac- 
cording to claim 16, 

wherein information indicating the recording 
power prerecorded in a predetermined area on the 
optical information recording medium Is read out 
and used as an initial value, and 

based on the information, the predetermined 
recording power is determined. 

22. The method for optically recording information ac- 
cording to claim 21, 

wherein information for identifying a recording 
and reproducing device that is prerecorded in a pre- 
determined area on the optical information record- 
ing medium is read out, 

it is judged whether the recording and repro- 
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ducing device after being identified is substan- 
tially Identical to a recording and reproducing 
device in which a test recording is performed, 
and 

when the recording and reproducing device af- 5 
ter being identified is judged to be substantially 
identical to the recording and reproducing de- 
vice in which the test recording is performed, a 
test recording Is skipped with respect to Infor- 
mation indicating recording power. io 

23. The method for optically recording information ac- 
cording to claim 16, 

wherein the optimum value of the recording 
power is recorded as information in a predeter- is 
mined area on the optical information recording me- 
dium. 

24. The method for optically recording Information ac- 
cording to claim 23, 20 

wherein Information for Identifying a recording 
and reproducing device In which a test recording 
has been performed is recorded as information in a 
predetermined area on the optical information re- 
cording medium. 25 

25. The method for optically recording information ac- 
cording to claim 16, 

wherein information Indicating the front-end 
pulse edge position and Information Indicating the 30 
back-end pulse edge position that are prerecorded 
in a predetermined area on the optical information 
recording medium are read out and used as initial 
values, and 

based on the information, the front-end pulse 35 
edge position and the back-end pulse edge position 
that are predetermined are determined. 

26. The method for optically recording Information ac- 
cording to claim 25, 40 

wherein information for identifying a recording 
and reproducing device that is prerecorded in a pre- 
determined area on the optical Information record- 
ing medium is read out, 

45 

it is judged whether the recording and repro- 
ducing device after being identified is substan- 
tially identical to a recording and reproducing 
device in which a test recording is performed, 
and 50 
when the recording and reproducing device af- 
ter being identified is judged to be substantially 
identical to the recording and reproducing de- 
vice in which the test recording is performed, a 
test recording Is skipped with respect to Infor- 55 
matlon indicating a front-end pulse edge posi- 
tion and information Indicating a back-end 
pulse edge position. 



27. The method for optically recording information ac- 
cording to claim 16, 

wherein the optimum values of the front-end 
pulse edge position and the back-end pulse edge 
position are recorded as information in a predeter- 
mined area on the optical information recording me- 
dium. 

28. The method for optically recording information ac- 
cording to claim 27, 

wherein information for identifying a recording 
and reproducing device in which a test recording 
has been performed Is recorded as information in a 
predetermined area on the optical information re- 
cording medium. 

29. An optical Information recording device for record- 
ing information on an optical information recording 
medium employing the method for optically record- 
ing information according to claim 17, 

wherein a test recording is performed and a 
timing thereof Is at least one selected from the 
group consisting of: when the recording and repro- 
ducing device is adjusted; when the recording and 
reproducing device Is started up; when a certain 
time has elapsed after the start-up; when an optical 
information recording medium is replaced; when a 
bit error rate of an optical information recording me- 
dium exceeds a predetermined value; and when a 
temperature of an operation environment of the op- 
tical Information recording device varies. 

30. A method for optically recording information in 
which recording and reproduction of information is 
performed in such a manner that a test recording Is 
performed before recording an information signal 
on a rewritable optical information recording medi- 
um, 

wherein a random pattern signal is recorded 
in such a manner that a front-end pulse edge posi- 
tion predetermined by a combination table of a pre- 
ceding space length and a self mark length and a 
back-end pulse edge position predetermined by a 
combination table of a self mark length and a fol- 
lowing space length are used as initial values, and 
that at least either one of the front-end pulse edge 
position and the back-end pulse edge position Is 
(are) changed (a), 

a jitter or a bit error rate obtained by reproduc- 
ing the random pattern is measured (b), and 
based on a result obtained by measuring the 
jitter or the bit error rate, the front-end pulse 
edge position and the back-end pulse edge po- 
sition that are predetermined are corrected (c). 

31. The method for optically recording information ac- 
cording to claim 30, 
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wherein prior to the step (a), 

based on the front-end pulse edge position and 
the back-end pulse edge position that are pre- 
determined, a random pattern signal is record- 
ed, 

a jitter or a bit en^or rate obtained by reproduc- 
ing the random pattern is measured, 
it is judged whether a value of the jitter or the 
bit error rate is not less than a fixed value, and 
when the value of the jitter or the bit error rate 
is judged to be not less than the fixed value, the 
steps (a) to (c) are performed. 

32. The method for optically recording information ac- 
cording to claim 30, 

wherein information indicating the front-end 
pulse edge position and information indicating the 
back-end pulse edge position that are prerecorded 
in a predetermined area on the optical Information 
recording medium are read out and used as initial 
values, and 

based on the information, the front-end pulse 
edge position and the back-end pulse edge position 
that are predetermined are determined. 

33. The method for optically recording Information ac- 
cording to claim 32, 

wherein information for identifying a recording 
and reproducing device that Is prerecorded in a pre- 
determined area on the optical information record- 
ing medium is read out, 

it is judged whether the recording and repro- 
ducing device after being Identified is substan- 
tially identical to a recording and reproducing 
device in which a test recording is performed, 
and 

when the recording and reproducing device af- 
ter being Identified is judged to be substantially 
identical to the recording and reproducing de- 
vice In which the test recording Is performed, a 
test recording is skipped with respect to Infor- 
mation Indicating a front-end pulse edge posi- 
tion and information indicating a back-end 
pulse edge position . 

34. The method for optically recording information ac- 
cording to claim 30, 

wherein the front-end pulse edge position and 
the back-end pulse edge posltton that have been 
corrected are recorded as information in a prede- 
termined area on the optical information recording 
medium. 

35. The method for optically recording information ac- 
cording to claim 34, 

wherein information for identifying a recording 



and reproducing device in which a test recording 
has been performed is recorded as information in a 
predetermined area on the optical information re- 
cording medium. 

5 

36. The method for optically recording information ac- 
cording to claim 30, 

wherein a random pattern is recorded in the 
step (a) in such a manner that either one of the front- 
to end pulse edge position and the back-end pulse 
edge position is changed, and 

with respect to a plurality of elements in the 
combination tables, the steps (a) to (c) are per- 
formed repeatedly. 

15 

37. An optical information recording device for record- 
ing information on an optical information recording 
medium employing the method for optically record- 
ing Information according to claim 30, 

20 wherein a test recording is performed and a 

timing thereof is at least one selected from the 
group consisting of: when the recording and repro- 
ducing device is adjusted; when the recording and 
reproducing device is started up; when a certain 

2S time has elapsed after the start-up; when an optical 
Information recording medium is replaced; when a 
bit error rate of an optical information recording me- 
dium exceeds a predetermined value; and when a 
temperature of an operation environment of the op- 

30 ticai information recording device varies. 

38. A method for optically recording Information In 
which recording and reproduction of information Is 
performed in such a manner that a test recording is 

35 performed before recording an information signal 
on a rewritable optical information recording medi- 
um, 

wherein based on a front-end pulse edge po- 
sition predetermined by a combination table of a 

^ preceding space length and a self mark length and 
a back-end pulse edge position predetermined by 
a combination table of a self mark length and a fol- 
lowing space length, third test pattern signals are 
recorded in such a manner that either one of a front- 

^5 end pulse width and a back-end pulse width is 
changed (a), and 

a leading edge jitter and a trailing edge jitter 
of a reproduction signal obtained by reproducing 
the third test pattern signals are measured inde- 

^ pendently, and based on a result obtained by meas- 
uring the Jitters, optimum values of the front-end 
pulse width and the back-end pulse width are de- 
termined (b), 

55 39. The method for optically recording information ac- 
cording to claim 38, 

wherein the third test pattern is a single-period 
signal pattern. 
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40. An optical Information recording device for record- 
ing information on an optical information recording 
medium employing the method for optically record- 
ing information according to claim 38. 

wherein a test recording Is performed and a s 
timing thereof is at least one selected from the 
group consisting of: when the recording and repro- 
ducing device Is adjusted; when the recording and 
reproducing device is started up; when a certain 
time has elapsed after the start-up; when an optical io 
Information recording medium is replaced; when a 
bit error rate of an optical information recording me- 
dium exceeds a predetermined value; and when a 
temperature of an operation environment of the op- 
tical Information recording device varies. is 
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